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Haagenson, Karen M . , M ,A . , June 1988 Botany
The E f f e c t s  o f  T re e  In vas io n  on th e  S t r u c tu r e  and Com position o f  a 
W estern Montana G rass lan d  (151 p p .)
D i r e c t o r :  James R. Habeck
The p r im a ry  o b je c t iv e  o f  t h i s  study was to  d e te rm in e  what 
e f f e c t s  t r e e  e s ta b lis h m e n t has on th e  s t r u c t u r e  and com position  o f  
a w estern  Montana g ra s s la n d . Changes in th e  g ra s s la n d  were  
measured by p la c in g  3 m eter  x 5 m ete r  sample p lo ts  in a reas  o f  
v a r io u s  phases o f  t r e e  in v a s io n . A 0 . 5  m eter x 0 . 5  m eter  s u b p lo t  
was lo c a te d  in each o f  th e  fo u r  co rn ers  o f  th e  la r g e r  sample p l o t .  
Measurements o f  t r e e s ,  in c lu d in g  t r e e  cover, t r e e  d e n s i ty ,  and 
t r e e  basal a re a  were done w i t h in  th e  3 x 5  m ete r  p lo ts .  
Measurements o f  herbaceous v e g e ta t io n ,  such as p e rc e n t co ver, and 
d e n s i ty  were done in th e  0 . 5  x 0 , 5  m ete r  s u b p lo ts .
O rd in a t io n s  and c l u s t e r  a n a ly ses  re v e a le d  t h a t  com position  o f  
herbaceous s p e c ie s  is  changed by t r e e  in v a s io n . TWINSPAN an a ly ses  
showed herbaceous s p e c ie s  formed a g ra d ie n t  o f  p la n ts  which were  
g e n e r a l ly  lo c a te d  in s i t e s  w i th  h ig h e r  l ig h t  in t e n s i t i e s  and lower  
s o i l  m o is tu re  to  sp e c ie s  which fa v o re d  s i t e s  w i th  lower l i g h t  
i n t e n s i t i e s  and h ig h e r  s o i l  m o is tu re .
C o r r e la t io n s  o f  Festu ca  sc ab re I I a w i th  v a r io u s  f a c t o r s  in d ic a te d  
t h a t  t r e e  e s ta b lis h m e n t is  i n i t i a l l y  u n fa v o ra b le  to  t h i s  s p e c ie s ,  
but as th e  t r e e s  m ature and t h in  o u t,  a s i i g h t  amount o f  shade may 
a c tu a l  1 y be b e n e f ic ia l  to  F . s c a b re l i a . Festuca idahoensis  
appears t o  be less  a f f e c t e d  by i n i t i a l  s e e d l in g  e s ta b l is h m e n t ,  but 
d e c l in e s  as th e  t r e e s  m ature . C entaurea maculosa responded  
s i m i l i a r l y  to  F, s c a b re 1 I a w i th  a s l i g h t  in crease  as t r e e s  matured  
and became more spaced.
A secondary o b je c t iv e  o f  th e  study was to  d e te rm in e  p o s s ib le  
f a c t o r s  re s p o n s ib le  f o r  th e  t r e e  in v a s io n . A f o r e s t  h is t o r y  p lo t  
was e s ta b l is h e d  in which a l l  t r e e s  were mapped and t h e i r  ages 
d e te rm in ed  us ing re g re s s io n  e q u a t io n s  r e l a t i n g  e i t h e r  dbh o r  
h e ig h t  to  t r e e  age. P e r io d s  o f  abundant t r e e  e s ta b lis h m e n t were  
then  compared to  p r e c i p i t a t i o n ,  f i r e  h is t o r y ,  and g ra z in g  re c o rd s .  
A c o r r e la t io n  was found between years  o f  abundant t r e e  
e s ta b lis h m e n t  and y e a rs  o f  above-average  p r e c i p i t a t i o n .  Seed 
crops a re  a ls o  p ro b ab ly  a s i g n i f i c a n t  f a c t o r  in d e te rm in in g  t r e e  
e s ta b l is h m e n t .  F i r e  suppression  is  in vo lv ed  by a l lo w in g  th e  
s e e d l in g s  to  s u rv iv e  to  m a t u r i t y .  G ra z in g  does no t appear to  be 
c o n t r ib u t in g  to  th e  in v a s io n  a t  t h i s  s i t e .
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CHAPTER I 
I NTTRODUCTI ON
The dynamics o f  v e g e ta t io n  have a t t r a c t e d  th e  a t te n t io n  o f  
e c o lo g is ts  f o r  severa l c e n tu r ie s .  Theophrastus noted such changes as 
f a r  back as ca. 300 B.C. and " in c re a s in g ly  d e ta i le d  and c r i t i c a l  
d e s c r ip t io n s  have been made over the la s t  th re e  c e n tu r ie s ,"  according  
to  M ile s  (1 9 7 9 ).  Wherever th e re  Is  v e g e ta t io n ,  th e re  are  changes 
o c c u rr in g . The e x te n t  o f  these changes may be p laced on a s c a le .  At 
one end o f  the  s c a le  a re  s h i f t s  which are  r e l a t i v e l y  minor in t h e i r  
impact on the  community. M ile s  r e fe r s  to  these changes as 
" f lu c t u a t io n s ."  These changes inc lude the  germ ination  o f  some 
in d iv id u a ls  and th e  death  o f  o th e rs  w ith  l i t t l e  o r  no o v e ra l l  change in 
community c h a r a c t e r is t ic s .  At the o th e r  end o f  the s c a le  a re  s h i f t s  
th a t  have a dram atic  e f f e c t  on the community producing d e f i n i t e  changes 
in the  composition and s t r u c tu r e  o f  the corrmunity. M ile s  terms these  
changes "success ion ."  The s u b je c t  o f  t h is  study, the re c e n t  
es tab lish m e nt o f  t r e e s  in a fo rm er mountain grass land  in w e s t -c e n tra l  
Montana, would re p re s e n t the  upper end o f  t h is  s c a le .  The s h i f t  from a 
grassland community to  a tree -d o m in a te d  community g e n e ra l ly  leads to  
d r a s t ic  a l t e r a t io n s  in both the  s t ru c tu re  and the species composition  
o f  th e  s i t e ' s  v e g e ta t io n .
1
There a re  a t  le a s t  two components o f  t h is  f o r e s t - g r a s s 1 and 
boundary s h i f t  t h a t  can be s tu d ied ; (1) The cause: What " t r ig g e r  
fa c to rs "  a re  re s p o n s ib le  f o r  i n i t i a t i n g  these fo r e s t -g r a s s i  and 
boundaries to  "suddenly" begin s h i f t i n g  a t  r e l a t i v e l y  ra p id  ra te s ?
Some f a c t o r  o r  f a c to r s  which p re v io u s ly  l im i te d  th e  f o r e s t  boundary 
must have changed, f a c i l i t a t i n g  the boundary to  s h i f t .  (2) The e f f e c t :  
What s o r t  o f  e f f e c t s  do the invading species  have on the  community 
being invaded?
T h is  study addressed p r im a r i ly  the  second phase, the e f f e c t s .  The 
p r in c ip le  o b je c t iv e  was to  an a lyze  a re p re s e n ta t iv e  fo r e s t -g r a s s i  and 
boundary where th e  f o r e s t  margin was p re s e n t ly  expanding and to  
d e scr ib e  and q u a n t i t a t i v e ly  measure any changes in the s t ru c tu re  and 
composition o f  the invaded community. Changes in environmental f a c to r s  
such as l i g h t  in te n s i ty  and s o i l  m o is ture  were a ls o  noted. I a ttem pted  
to  document changes a t  v a r io u s  temporal stages o f  invas ion , i . e . ,  
r e l a t i v e l y  e a r ly  in the invasion process to  decades a f t e r  o v e rs to ry  
canopy shading. The p r in c ip le  species involved in the  invasion a t  the  
study s i t e  were Pinus ponderosa v a r .  ponderosa (ponderosa p ine)  
invading a Festuca s c a b r e l1 a (rough fescue) /  Festuca idahoensis (Idaho  
fescue) grass I and.
Hypothesis te s te d :
F o llo w in g  lo n g -te rm  f o r e s t  invasion and o v e rs to ry  canopy 
shading, the  composition and s t r u c tu r e  o f  the  invaded grass land  
is  a l t e r e d .
In a d d it io n  to  th e  bas ic  e c o lo g ic a l s ig n i f ic a n c e  o f  t h is  s tudy , i t  
a ls o  has importance from an economic s ta n d p o in t .  F o re s t and w i l d l i f e  
managers as w e ll as l iv e s to c k  owners in western Montana are  concerned  
w ith  f o r e s t  expansions onto rangelands and the e f f e c t s  they m ight have 
on fo ra g e  p rod uction . The r e s u l t s  o f  t h is  study w i l l  p ro v id e  a b e t t e r  
in d ic a t io n  o f  p o te n t ia l  changes th a t  can be expected under simi l i a r  
circum stances.
Id e n t i fy in g  th e  causal f a c to r s  re s p o n s ib le  f o r  the  c u rre n t  Mt. 
S e n tin e l boundary s h i f t s  was a secondary o b je c t iv e  o f  t h is  study . 
C o r re la t io n s  w ith  f i r e  suppression and c l im a te  were in v e s t ig a te d .
Hypothesis te s te d :
Tree  invasion in the Mt. S e n t in e l study area is due to  f i r e  
suppression and is  enhanced by periods  o f  increased  
p r e c ip i t a t io n .
CHAPTER I I 
LITERATURE REVIEW
The ex ten s io n  o f  woody p la n t  species in to  areas o f  western North  
America which were, a t  le a s t  in rece n t years , p r in c ip a l l y  herbaceous 
p la n t  communities has gained th e  in te r e s t  o f  numerous in d iv id u a ls  in 
past years . Most o f  the  focus has been on th e o r ie s  th a t  may e x p la in  
th e  causes o f  these invas ions. One o f  the  most common th e o r ie s  is  th a t  
the  p r a c t ic e  o f  f i r e  suppression has a llow ed many o f  these invasions to  
occur. In th e  N orthern  Rocky Mountains, f i r e  has been a very im portant 
in f lu e n c e  in past y e ars . According to  Habeck and Mutch (1 9 7 3 ) ,
"Climax, o r  n e a r -c l im a x , f o r e s t  stands th a t  have escaped f i r e  f o r  
se vera l c e n tu r ie s  a re  on ly  r a r e ly  found in n o rth ern  Idaho and western  
M ontana." Although many o f  these f i r e s  were caused by l ig h tn in g ,  a 
la rg e  number o f  them were a ls o  Ind ian-caused (B a r r e t t  and Arno 1982; 
S te e le  e t  a l .  1986; Arno and Gruel 1 1986).
Regardless o f  what was re s p o n s ib le  f o r  these f i r e s ,  modern day 
f  i re  suppress i on has had s ig n i f i c a n t  e f f e c t s  on commun i ty  compos i t  ion 
and s t r u c tu r e  (Habeck and Mutch 1973; S te e le  e t  a l . 1986; Arno 1980; 
Arno and Gruel I 1983; Arno and Gruel I 1986). Arno and Gruel 1 (1986) 
determ ined th a t  the  absence o f  f i r e  was p r in c ip a l l y  re s p o n s ib le  f o r  
s i g n i f i c a n t  numbers o f  D o u g Ia s -f  i r  (Pseudotsuga menzl e s i i v a r . g la u c a )
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becoming e s ta b l is h e d  in form er mountain grasslands in southwestern  
Montana between 1890 and 1915. They found th a t  from 1941 to  1955, many 
s e ed lin g s  had been e s ta b l is h e d ,  c o in c id in g  w ith  a p e r io d  o f  above 
average p r e c ip i t a t io n .  P r io r  to  these perio d s , they concluded, t r e e s  
had been r e s t r i c t e d  to  areas o f  low un derstory  fu e ls  such as rock  
outcrops.
In southwestern Idaho, Burkhardt and T is d a le  (1976) s tu d ie d  the  
encroachment o f  w estern  ju n ip e r  ( Juniperus o c c id en ta l is  subsp. 
o c c id e n t a l is ) in to  a sagebrush-grass communi t y . They decided th a t  the  
1ack o f  f i r e  was p r im a r i1 y re s p o n s ib le  f o r  t h is  invasion as w e l l .  They 
s ta te d  th a t  f i r e s  have decreased in frequency in th e  past century  
because o f  " a c t iv e  f i r e  c o n tr o l ,  development o f  roads and o th e r  f i r e  
b a r r ie r s ,  and reduced fu e l  because o f  heavy g ra z in g  and a s h i f t  towards  
decreased p r e c i p i t a t i o n . "
O th er authors (Kucera 1960; Bragg and H u lb e rt  1976) have a lso  
re p o rte d  t h a t  the absence o f  f i r e  was a prim ary f a c t o r  in p a r t i c u l a r  
cases o f  woody species Invading grass land  areas. Jameson e t  a l .  (1962) 
d id  a study on an is la n d  p la te a u  in the  Grand Canyon o f  northw estern  
A rizon a  and concluded th a t  w ith o u t the in f lu e n c e  o f  past f i r e s ,  t h is  
p la te a u  would be almost t o t a l l y  (90%) dominated by t re e s .  They a ls o  
observed, however, th a t  the  t r e e s  were not r a p id ly  re - in v a d in g  the  
burned areas .
Another conrmon theory  f o r  th e  cause o f  these invasions is
l iv e s to c k  g ra z in g . A l l r e d  (1 9 4 9 ), s tud y in g  s i t e s  in Texas and 
Oklahoma, s ta te d  th a t  u n d e s ira b le  woody p la n ts  "have spread and 
increased In d e n s ity  s in ce  domestic l iv e s to c k  f i r s t  began in te n s iv e  
g ra z in g  o f  the  o r ig in a l  grasses and fo rb s ” and th a t  a "good stand o f
vigorous c lim ax  grasses is  n a tu r e 's  best defense a g a in s t invading
shrubs and t r e e s ."  Pearson (1 9 4 2 ),  in a study o f  ponderosa p ine  (Pinus  
ponderosa) in th e  Southwest, s ta te d ,  "Dominance o f  herbaceous 
v e g e ta t io n  re ta rd s  and may prevent re g e n e ra t io n  o f  fo r e s t  t r e e s ."  He 
b e lie v e d  th a t  the e f f e c t  o f  decreased s o i l  m o is ture  was the most 
im portant d e te r r e n t .
RummelI (1951) analyzed two p la te a u s  in c e n tra l  Washington both o f  
which had s i m i l i a r  c h a r a c t e r is t ic s ,  in c lu d in g  f i r e  h is to r y .  The only  
m ajor d i f f e r e n c e  he observed was th a t  D e v i ls  Tab le  had been h e a v i ly  
grazed by 1ivestock and had a very  dense stand o f  Pinus ponderosa
s e e d lin g s  w h ile  Meeks T a b le  had not been grazed and had almost no t r e e
re p ro d u c t io n . Th is  led to  h is  d e te rm in a t io n  th a t  i t  was heavy g ra z in g ,  
r a th e r  than lack o f  f i r e ,  th a t  was a l lo w in g  h igh le v e ls  o f  t r e e  
rep ro d u ctio n  on D e v i ls  T a b le .
Madany and West (1983) came to  a s i m i l i a r  conclusion in a study  
they d id  in Utah. Two r e l i c t  mesas which had never been grazed by 
l iv e s to c k  appeared s i m i l i a r  to  vast ponderosa p ine  savannas describ ed  
by e a r ly  e x p lo re rs  o f  the  Southwest. A nearby p la te a u  which had been 
h e a v i ly  grazed had dense th ic k e ts  o f  ponderosa p ine  (Pinus ponderosa) .
Gambe ï oaK (Quercus gambe H i ) ,  and Rocky Mountain Jun ip er (Jun i perus  
scopuIorum) . They th e o r iz e d  th a t  the dense sod o f  p erenn ia l grasses  
l im i te d  t r e e  es tab lish m ent by competing f o r  w ater  and n u t r ie n ts ,  and by 
a l le lo p a th y .  They a ls o  s ta te d ,  however, "Given a long enough in te rv a l  
w ith o u t f i r e ,  dense ponderosa p ine  and mixed c o n i fe r  fo r e s ts  might have 
developed w ith o u t th e  b e n e f i t  o f  g raz in g - in d u ced  re d u c tio n  in grass  
c o v e r .” Several o th e r  authors  (Lindsay and B ra tto n  1980; Dunwiddie 
1977; Cottam and S tew art 1940) have a ls o  contended th a t  g ra z in g  is the  
prim ary f a c t o r  a l lo w in g  woody p la n t  invasions to  occur.
The r e s u l t s  o f  a study ( r e fe r r e d  to  p re v io u s ly )  conducted by 
Burkhardt and T is d a le  (1976) showed c o n tra s t in g  r e s u l ts .  They found  
th a t  the  es tab lish m e n t o f  Jun iper se e d lin g s  d id  not h ig h ly  c o r r e la te  
w ith  range c o n d it io n ,  but were more successful on s i t e s  "supporting  
w e ll-d e v e lo p e d  herbaceous and shrubby v e g e t a t io n .”
A t h i r d  f a c t o r  conrmonly im p lic a te d  as a cause o f  woody p la n t  
invasions is a change in c l im a te .  In a study o f  the Madison Range in 
Montana, P a tten  (1963) concluded:
The r e l a t i v e l y  cool c l im a te  th a t  has fo llo w e d  a xero therm ic  
maximum p e rio d  (ca. 4 , (XX) yrs  ago) has enabled the re  I i c t  
f o r e s t  to  advance out o f  th e  p ro te c te d  s i t e s  i t  occupied during  
th e  xero therm ic  p e rio d  in to  open grass land  and sagebrush areas.
He b e l ie v e d  th a t  in t h is  area  m o is tu re  a v a i l a b i l i t y  was the most 
im portant f a c t o r  in th e  successful es tab lish m e n t o f  t re e s  and f o r e s t
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advancement occurred  p r im a r i ly  d u ring  "occasional wet y e a rs ,"
Buell and Cant Ion (1951) s tu d ie d  a p r a i r i e  invasion by maple (Acer  
saccharum) and basswood ( T i l i a  americana) in Minnesota. Fo llo w in g  
a n a ly s is  o f  s o i l  p r o f i l e  development, the t im in g  o f  the most re c e n t  
advance, and the lack o f  "s trong  evidence" f o r  f i r e  as the  prim ary  
cause they determ ined a m o is te r  c l im a te  provided the  best e x p la n a t io n .  
They a ls o  p o in te d  out th a t  in the p r a i r i e - f o r e s t  ecotone:
R esistance to  invasion o f  one by th e  o th e r  is  s u f f i c i e n t ,  so th a t  
a swing in c l im a te  must go w e ll beyond the minimum c l im a t ic  
requ irem ent f o r  the  e x is te n c e  o f  th e  community to  e f f e c t  a change
from one c lIm ax to  the  o th e r .
C y c l ic  c l im a t ic  changes th e r e fo re ,  a re  u s u a l ly  not s u f f i c i e n t  to  
cause these t r e e  invas ions .
Several s tu d ie s  have d e a l t  w ith  th e  encroachment o f  t r e e s  in to  
s u b a lp in e  meadows. One done by F ra n k l in  e t  a l .  (1971) In the Cascade 
Range o f  Washington and Oregon led rese arch e rs  to  judge th a t  a d r i e r  
c l im a te  was th e  most probable cause. In another study o f  invasion in to  
su ba lp ine  meadows in th e  Lemhi Mountains o f  Idaho, But 1er(1986) found  
th a t  no s in g le  f a c t o r  was re s p o n s ib le  f o r  the  invasions o c c u rr in g  in
h is  th re e  study s i t e s r  A combination o f  fa c to rs ,  in c lu d in g  a d r i e r
c l im a te ,  g ra z in g ,  a n d /o r  f i r e  had a f fe c te d  th e  invasions in one o r  more 
o f  these meadows.
O th er  s tu d ie s  (Branscomb 1958; V a le  1981) have a ls o  led t h e i r
rese arch e rs  to  decide th a t  a combination o f  fa c to r s  was c o n t r o l l in g  a 
p a r t i c u l a r  woody p la n t  invasion and not one s in g le  main f a c t o r .  
S in d e la r  (1971) d id  a study on D o u g Ia s - f i r  invasion o f  grass lands in 
western Montana, He concluded th a t  th e  invasions In h is  study s i t e s  
were the  r e s u l t  o f  se vera l b i o t i c  and environmental fa c to r s .  He 
s ta te d ,  " In va s io n  was r a r e  on grasslands w ith  h is t o r ie s  o f  good 
management o r  which were und is turbed  by l iv e s to c k  g r a z in g ."  O ther  
f a c to r s  th a t  he included in h is  l i s t  o f  causes c o n tr ib u t in g  to  the  
invasions were " r e s u l ta n t  d e t e r io r a t io n  o f  the  c lim ax v e g e ta t io n  [from  
o v e rg ra z in g ] ,  invasion o f  b ig  sagebrush, d is tu rb an c e  o f  the  s o i l  
s u rfa c e ,  and m o d if ic a t io n s  o f  th e  m icroenvironment [due to  invasion by 
b ig  sa g eb ru sh }."  In a d d it io n ,  he found th a t  u nusually  wet growing  
seasons c o in c id in g  w ith  la rg e  Doug1a s - f i r  seed crops re s u lte d  in 
p r o l i f i c  t r e e  e s tab lish m e n t. He a ls o  b e l ie v e d  th a t  w h ile  f i r e  
suppression "was not a causal f a c t o r " ,  i t  "was im portant in th a t  i t  
a llow ed t r e e  invasions caused by in te r a c t io n s  o f  o th e r  environmental 
and b i o t i c  fa c to rs  to  p e r s i s t , "  As P a tte n  (1963) s ta te d :
Many fa c to rs  in f lu e n c e  th e  v e g e ta t io n a l p a t te rn .  Although some 
are  more im portant in one s i t e  than another, no s in g le  f a c t o r  
appears to  be the  cause f o r  the  o r ig in ,  maintenance, o r  change o f  
the  p a t te rn .  The more environmental f a c to r s  which can be 
c o r r e la te d  s t a t i s t i c a l l y  w ith  v a r ia t io n s  in the  v e g e ta t io n a l  
p a t te r n ,  the  g r e a te r  a percentage o f  th a t  v a r ia t io n  is  e x p la in e d .
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Regardless o f  th e  cause o r  causes o f  these woody p la n t  invas ions,  
th e  to p ic  th a t  Is most p e r t in e n t  to  th e  su b je c t o f  t h is  th e s is  is  the  
change in s t r u c tu r e  and composition th a t  occurs w i th in  these  
communities as a r e s u l t  o f  the  invasions. The t r a n s i t io n  zone, o r  
ecotone, between a f o r e s t  and a grass land  may be narrow and ab ru p t, or  
r e l a t i v e l y  wide and sometimes a mosaic form ing is land s o f  p la n t  
communities (Smith 1980). W e lls  (1960) c i t e d  the w id th  o f  the  
t r a n s i t io n  zone between two p la n t  communities " v a r ie s  in v e rs e ly  w ith  
th e  d i f fe r e n c e s  in physiognomy and physio logy which rend er them 
incom patib le  [environm ental g ra d ie n ts  being he ld  e q u a l ] . "  Smith s ta te d  
th a t  th e  leve l o f  species  r ich n es s  in th e  ecotone is  dependent on th e  
degree o f  d i f f e r e n c e  between ad jac en t p la n t  communities and the s iz e  o f  
th e  stand . Species r ichn es s  increases as lev e l o f  c o n tra s t  increases.
W h it ta k e r  (1951) contended th a t  species  p o p u la tio n  curves along a 
g ra d ie n t  are  binomial in form and in te r s e c t  co ntinuous ly  w ith  one 
another. According to  Hanson and C h u rc h i l l  (1 9 6 1 ) ,  d is c o n t in u i t ie s  in 
v e g e ta t io n  g ra d ie n ts  f r e q u e n t ly  occur because one species may dominate  
a p a r t i c u l a r  area in the  g ra d ie n t  u n t i l  a " c r i t i c a l  p o in t  o f  to le ra n c e "  
is  reached and another species  becomes dominant. They po in ted  out th a t  
a narrow reg io n  may occur where both dominants a re  competing w ith  each 
o th e r .  Some authors have emphasized th a t  ecotones a re  d is c r e te  p la n t  
communities and not ju s t  a combination o f  two o th e r  communities.
Gleason (1926) observed th a t  some species  became e s ta b l is h e d  e a s ie r  in
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th e  t r a n s i t i o n  zone than in e i t h e r  o f  th e  su rro u nd in g  conrmjn i t  i e s . 
A ccord ing  to  W h it ta k e r  (1 9 5 6 ) ,  th e  s u rro u nd ing  communities a re  Just as 
much "m ix tu re s "  as th e  ecotone and t h e r e fo r e  " a re  not s im ply  
in te rm e d ia te  between th e  s tand s on each s id e  o f  them ."
Bray (1958) c o r r e la t e d  th e  d i s t r i b u t i o n  o f  p la n t  s p e c ie s  w ith  
l i g h t  in t e n s i t y  in a s tudy o f  th e  p r a i r i e - f o r e s t  ecotone in W isconsin .  
A lb io n  bur oak (Quercus m acrocarpa) was th e  dominant t r e e  s p ec ies  in  
h is  s tudy a re a . He found t h a t  m a jo r  d i f f e r e n c e s  in s p e c ie s  com position  
o c c u rre d  a t  two p a r t i c u l a r  lo c a t io n s  w i t h in  th e  t r a n s i t i o n  zone. The 
f i r s t  one was a t  " th e  p o in t  o f  i n i t i a l  shading o f  p r a i r i e . "  He 
th e o r iz e d  t h a t  decreased s o i l  m o is tu re  e v a p o ra t io n  r e s u l t in g  from  lower  
s o i l  te m p e ra tu re s  led  to  an in cre as e  in s p e c ie s  adapted to  a more m o is t  
p ra  i r i e .  The second m a jo r  change i n spec i es compos i t  ion o c cu rred  a t  
th e  p o in t  where th e  s tand  "approaches o r  has reached a f o r e s t  in which  
e v e ry  t r e e  canopy touches th e  canopy o f  a t  le a s t  one n e ig h b o r in g  t re e .* *  
He s ta te d  t h a t  a t  t h i s  p o in t ,  lower e v a p o ra t io n  r a t e s  and r e s u l t in g  
in c re as es  in s o i l  m o is tu re  may be s i g n i f i c a n t l y  g r e a t e r  than th e  
changes t h a t  o c cu rred  p re v io u s ly  in th e  t r a n s i t i o n  zone. He a ls o  found  
th e r e  were no s p e c ie s  which were r e s t r i c t e d  o n ly  to  th e  t r a n s i t i o n  
zone. A l l  s p e c ie s  w i t h in  th e  savanna a re a  a ls o  o ccurred  in e i t h e r  th e  
p r a i r i e  o r  th e  f o r e s t .  P a tte n  (1963) in h is  s tudy in southw estern  
Montana made a s i m i l i a r  d e te rm in a t io n .  He found th e  d i f f e r e n c e  in  
s p e c ie s  co m p o sitio n  "from  open to  ecotone to  f o r e s t  appears to  be
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s te e p e s t  between th e  ecotone and f o r e s t . "  Dominant t r e e  sp e c ie s  in h is  
study a re a  inc lud ed  Rocky Mountain Doug 1a s - f i r  ( Pseudotsuga m e n z ie s i i  
v a r  g la u c a ) . lodgepo le  p in e  (P inus c o n t o r t a ) . Engelmann spruce ( Pi cea  
en ge1 manni i ) .  and s u b a lp in e  f i r  (A b ies  la s io c a r p a ) .
S evera l re s e a rc h e rs  (Weaver 1950; P ic k fo rd  and R eid  1948;
B urkh ard t and T is d a le  1976; Arno and Gruel I 1986) have s ta te d  t h a t  t r e e  
e s ta b lis h m e n t in g ra s s la n d  a re a s  reduces fo ra g e  p ro d u c t io n , Gaines e t  
a l ,  (1954) c o r r e la t e d  grass  and fo r b  p ro d u c tio n  w i th  basal a rea  in a 
lo n g le a f  p in e  (P inus p a l u s t r t s ) re g io n  in Alabama, They found t h a t ,  in  
g e n e ra l ,  as basal a re a  in creased  herbage p ro d u c tio n  decreased . In some 
more m ature  s tan d s , having  a h ig h e r  basal a rea  but fe w er  t r e e s ,  an 
in cre as e  in herbage p ro d u c tio n  was reco rd ed . They concluded i t  was 
e i t h e r  an a r t i f i c i a l  r e s u l t  due to  t h e i r  l im i t e d  d a ta  in t h a t  rang e, o r  
was an a c tu a l in cre as e  r e s u l t i n g  from  a g r e a t e r  amount o f  s id e  l i g h t .  A 
h ig h  amount o f  v a r i a t i o n  in herbage p ro d u c tio n  was d e term ined  to  be 
caused by d i f f e r e n t  d i s t r i b u t i o n s  o f  t r e e s  in th e  s tan d . A c lu s t e r  o r  
la rg e  s tan d  o f  t r e e s  in f lu e n c e s  th e  u n d e rs to ry  a t  a g r e a t e r  d is ta n c e  
than an in d iv id u a l  t r e e .
A s tudy done by Read (1951) in th e  Arkansas O zarks a ls o  found t h a t  
as th e  number o f  t r e e s  in cre as ed , th e  amount o f  u n d e rs to ry  v e g e ta t io n  
decreased . F o re s ts  in th e  s tudy  a re a  were composed m a in ly  o f  h ic k o ry  
(C arya s p p . ) ,  and s e v e ra l sp e c ie s  o f  oak (Quercus s t e l I a t a , Q. 
v e l u t i n a , and Q. mar i I  and i ca ) . He found t h a t  herbage p ro d u c tio n  v a r ie d
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not o n ly  w i t h  t r e e  d e n s i ty ,  bu t a ls o  w i t h  f o r e s t  ty p e . Cassady (1951)  
s t a te d  t h a t  in L o u is ia n a  and e a s te rn  Texas, "Grass p ro d u c tio n  is  
in f lu e n c e d  p r i n c i p a l l y  by th e  f o r e s t  s ta n d , accum ulation  o f  l i t t e r ,  and 
w e a th e r.  He found t h a t  average annual fo ra g e  p ro d u c tio n  decreased from  
"a ve ry  open s a v a n n a h -1 ik e  f o r e s t "  to  " w e l l -s to c k e d ,  p o le s iz e  long le a f  
p in e  s ta n d s ."
S in d e la r  (1 9 7 1 ) ,  in h is  s tudy  o f  D o u g la s - f i r  in vas ion  in w estern  
Montana, observed t h a t  changes in v e g e ta t io n  a t  th e  ecotone "were  
sudden and corresponded c lo s e ly  to  th e  changing f o r e s t  canopy c o v e r ."
He noted  t h a t  fo rb s  and grasses  were sp arse  w i t h in  th e  f o r e s t  f o r  30 to  
35 f t . ,  bu t in creased  a b ru p t ly  " inrmedi a te  I y upon le a v in g  th e  f o r e s t  
canopy."  He a ls o  s t a t e d ,  "Forb cover d id  no t in c re as e  as r a p id ly  as 
t h a t  o f  g rasses  upon le a v in g  th e  f o r e s t "  and concluded t h a t  fo rb s  were  
"more s e n s i t i v e  to  th e  f o r e s t  canopy."
P a tte n  (1969) s tu d ie d  a re a s  in n o rth w e s te rn  Y e llo w s to n e  N a t io n a l  
Park  where lodgepole  p in e  ( P inus c o n t o r t a ) was invad ing  sagebrush  
(Artem i s i a t r i  d e n ta ta ) a re a s . He d iv id e d  h is  study s i t e s  in to  f i v e  
c a te g o r ie s :  (1 ) sagebrush on ly; (2) sagebrush w i th  young p ine; (3)  
m ature  p in e  w i th  some sagebrush in un d e rs to ry ; (4 ) m ature p in e  w ith  
young c lim a x  c o n i f e r s  in u n d e rs to ry ; (5) mixed c o n i f e r  f o r e s t  o f  m ature  
p in e  and c lim a x  c o n i f e r  s p e c ie s .  He found t h a t  s i t e s  w i th  young p in e  
had le s s  c o ver  o f  sagebrush and herbaceous v e g e ta t io n ,  but h y p o th e s ize d  
t h a t  t h i s  was a ls o  th e  case p r i o r  to  p in e  e s ta b l is h m e n t .  He s t a te d ,  "A
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young lo dgepo le  p in e  p rob ab ly  has no more in f lu e n c e  on th e  mi c r o -  
environm ent than a la rg e  sagebrush p l a n t . ” He a ls o  found t h a t  th e  
u n d e rs to ry  in th e  p in e  w i t h  sagebrush s i t e s  was d i f f e r e n t  from  both th e  
sagebrush s i t e s  and th e  more m ature  c o n i f e r  f o r e s t  ty p es . He r e p o r te d ,  
"The m icroenviron m ent has s h i f t e d  from  t h a t  o f  th e  sagebrush o r  
sagebrush w i th  young p in es  to  t h a t  o f  th e  c o n i f e r  f o r e s t  and y e t  th e re  
prob ab ly  has n o t been enough tim e  f o r  development o f  a c o n ife ro u s  
f o r e s t  v e g e t a t iv e  ground c o v e r ."
Some au th o rs  (Weaver 1943; M o rr is  and Mowat 1958; S te e le ,  e t  a l .  
1986) have d e s c r ib e d  re c e n t  ponderosa p in e  re p ro d u c t io n  as r e s u l t i n g  in  
dense t h ic k e t s  o f  s e e d l in g s  and s a p l in g s .  A few s tu d ie s  have been done 
on th e  u n d e rs to ry  o f  th ese  ponderosa p in e  stands. Pase and Hurd (1957)  
and Pase (1958) s tu d ie d  p in e  f o r e s t s  in th e  B lack  H i l l s  and found t h a t ,  
in  g e n e ra l ,  shrubs, fo rb s ,  and grasses a l l  decreased as crown cover and 
basal a re a  in creased . As immature p in e  stands became more open, th e  
u n d e rs to ry  increased  w i t h  grasses showing th e  g r e a te s t  response and 
shrubs th e  le a s t  response. The slow response o f  shrubs, they  
h y p o th e s ize d , could  be caused by " la c k  o f  an adequate seed source,  
in h e re n t  slow grow th o f  some s p e c ie s , in te n s iv e  use by d e e r ,  and 
perhaps o t h e r  c a u s e s ."  Not o n ly  was a decrease in herbage p ro d u c tio n  
no ted  as basal a re a  in cre as ed , but th e  com position  o f  th e  u n d e rs to ry  
a ls o  changed. They documented an in c re a s e  in more shade t o l e r a n t  
s p e c ie s  and a decrease  in le s s  t o l e r a n t  s p e c ie s  as basal a re a
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in c re as ed . O n ly  sp arse  u n d e rs to ry  v e g e ta t io n  was found under dense 
canop ies .
O th e r  s tu d ie s  have a ls o  no ted  a change in herbage p ro d u c tio n  w i t h  
s h i f t s  in f o r e s t  canopy coverage, but found l i t t l e  o r  no change In 
u n d e rs to ry  co m p o s ition . Cooper (1 9 6 0 ) ,  s tu d y in g  ponderosa p in e  f o r e s t s  
in A r iz o n a , s t a te d ,  " D e c l in e  in t o t a l  fo ra g e  p ro d u c tio n  as a r e s u l t  o f  
c o m p e tit io n  from  young p in e  s tands is  accompanied by no g r e a t  b o ta n ic a l  
change in th e  herbaceous v e g e t a t i o n . . . "  He developed an e q u a t io n  f o r  
u n d e rs to ry  v e g e ta t io n  which p r e d ic ts  a decrease o f  about 21 lb s . p e r  
a c re  w i th  each 1 % in c re a s e  in canopy c o ver . A ccord ing to  t h i s  
e q u a t io n , canopy covers  above about 75% would have no u n d e rs to ry  
v e g e ta t io n  and he e s t im a te d  t h i s  was g e n e r a l ly  t r u e .  He concluded t h a t  
th e  amount and com position  o f  u n d e rs to ry  v e g e ta t io n  is  de term in ed  by 
" g ra z in g ,  f i r e ,  and th e  d e n s i ty  o f  th e  f o r e s t  canopy,"
A nother s tudy done in A r iz o n a  by A rn o ld  (1 9 5 0 ) ,  r e s u l t e d  in 
s i m i l i a r  co n c lu s io n s . S evera l q u a d ra ts  were s e t  up, some which  
rem ained open and o th e rs  in which young ponderosa p ines  became 
e s ta b l is h e d .  W ith in  f i v e  y e a rs  o f  p in e  e s ta b l is h m e n t ,  th e  q u a d ra ts  
in f lu e n c e d  by th e  p in e s  had a decrease in t o t a l  g rass  d e n s i ty  o f  2%. 
W ith in  17 more y e a rs  th e  p in e s  had reduced t o t a l  g rass  d e n s i ty  by about 
25% o f  th e  i n i t i a l  d e n s i ty .  He found t h a t  as canopy cover increased  
" th e  d e c re a s in g  herbaceous d e n s i t ie s  and grass  y ie ld s  showed a u n ifo rm  
l i n e a r  re g re s s io n ,  which proved h ig h ly  s i g n i f i c a n t  s t a t i s t i c a l l y . "
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A lth ough  a d e f i n i t e  decrease  In amount o f  herbaceous v e g e ta t io n  
o c c u rre d , "marked changes" in com position  were not documented un les s  
th e  s i t e  had been o r  was p r e s e n t ly  be ing  grazed .
CHAPTER I t I  
STUDY AREA DESCRIPTION
LOCATION: The s tu dy  a re a  l i e s  in a sa dd le  (1470m -1515m) on 
U n iv e r s i t y  M ountain Just below th e  surrmit o f  Mt. S e n t in e l  peak to  th e  
n o r th  (1572m) and a n o th e r  h igh  p o in t  (1577m) to  th e  south (F ig .  1 ) .
The s tudy s i t e  has a g e n t le  grade (1 0 -1 5  d e g re e s ) ,  fa c in g  208 degrees .  
F ig u re  1 is  e n la rg e d  from  a USGS SE M is so u la  q u ad ran g le  map ( 7 .5  m inute  
s e r i e s ) .  U n iv e r s i t y  Mountain is  lo c a te d  on th e  e a s te rn  edge o f  
M is s o u la , Montana (46 5 5 'N, 114 05'W) and is  a t  th e  n o rth e rn  end o f  th e  
Sap p h ire  Range on th e  w estern  s lo p e  o f  th e  C o n t in e n ta l  D iv id e  (F ig .  2 ) .  
I t  is  bounded on th e  n o rth  by H e l lg a t e  Canyon c o n ta in in g  th e  C la r k  Fork  
R iv e r ,  on th e  south by P a t te e  Canyon c o n ta in in g  P a t te e  Creek, and on 
th e  e a s t  by Crazy Canyon. The p ro p e r ty  on which th e  study a re a  l i e s  (T  
13 N, R 19 W, SE 1 /4  o f  Sec 26) is  in th e  ow nership o f  th e  Montana 
System o f  H ig h er E d u catio n , however s u rro u n d in g  a rea s  a re  d iv id e d  
between p r i v a t e ,  and fe d e r a l  ow nersh ips. The SW 1 /4  o f  s e c t io n  25 is  
w i t h in  th e  Lo lo  N a t io n a l  F o re s t ,  th e  NE 1 /4  o f  s e c t io n  35 is  p r iv a t e  
p r o p e r ty ,  and th e  NW 1 /4  o f  s e c t io n  36 is  owned by Champion 
In t e r n a t io n a l  Company. T h is  a re a  was chosen f o r  s tudy because f i e l d  
e x a m in a tio n s  re v e a le d  obvious ev id en ce  o f  P inus ponderosa' s  re c e n t  
in v a s iv e  e s ta b lis h m e n t in to  bunchgrass p r a i r i e  o f  th e  s o r t  t y p i c a l l y
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Figure 1, Topographical map o f study s i t e .
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Figure 2. General lo c a l i ty  map.
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r e p o r te d  f o r  o th e r  f o r e s t - g r a s s I  and bo un daries  o f  w e s t -c e n t ra l  Montana.
GEOLOGY and SOILS: The p re s e n t Rocky Mountains were formed  
p r i n c i p a l l y  about 40 m i l l i o n  y e a rs  ago in th e  m id d le  T e r t i a r y .  
C o n s id e ra b le  u p l i f t i n g  extended in to  th e  l a t e  T e r t i a r y ,  10 m i l l i o n  
y e a rs  ago. They were u p l i f t e d  p r im a r i l y  by v e r t i c a l  fo rc e s  a long  a 
f a u l t  l i n e  in th e  e a r t h 's  c r u s t .  The N o rth e rn  Rocky M ountains a re  made 
up o f  a s e r ie s  o f  m ountain ranges g e n e r a l ly  o r ie n te d  in a n o r th w e s t-  
so u th eas t d i r e c t i o n .  The m ountain ranges a re  u s u a l ly  s e p a ra te d  by 
d i s t i n c t  in term ontane v a l le y s  o c c u r r in g  a t  8 0 0 -1 1 OOm in e le v a t io n  
(Habeck and Mutch 1 9 7 3 ). Bedrock in th e  s tudy  a re a  c o n s is ts  o f  
a r g i l l i t e  and q u a r t z i t e  from  th e  B e l t  S e r ie s  which was c o n s o lid a te d  
from  s h a le  and sandstone la i d  down in an in la n d  sea o f  th e  Precam brian  
p e r  i o d .
The s tudy a re a  was not g la c ia t e d ,  however d u r in g  th e  P le is to c e n e  a 
la rg e  p a r t  o f  th e  N o rth e rn  Rockies was g la c ie r - c o v e r e d .  An arm o f  th e  
C o r d i l l e r a n  ice  sh eet extended in to  n o r th e rn  Idaho, damming th e  C la r k  
Fork  R iv e r  n e a r  th e  M ontana-Idaho  b o rd e r ,  c r e a t in g  G la c ia l  Lake 
M is s o u la . In th e  re g io n  o f  th e  s tudy a re a ,  th e  la k e  reached about 
1280m above sea le v e l  a t  i t s  g r e a te s t  depth  (Alden 1953). The top  o f  
U n iv e r s i t y  M ountain (1563m), in c lu d in g  th e  study s i t e ,  was l e f t  
uncovered and e x is t e d  as is la n d  w i t h in  th e  lak e .
S o i ls  o f  th e  s tud y  s i t e  a re  re s id u a l  s tony loams o r i g i n a t i n g  from  
q u a r t z i t e  and a r g i l l i t e  o f  th e  Precam brian p e r io d  (Alden 19 53). Most
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O f  th e  s tudy  a re a  s o i l s  a re  mol 1 is o ls  w i th  a w e l l -d e v e lo p e d  mol l i e  
ep ipedon, a le s s  developed B h o r iz o n , and amount o f  rock in c re a s in g  
w it h  depth . Because o f  th e  mosaic p a t t e r n  o f  v e g e ta t io n  in th e  study  
a re a  ( i e .  f o r e s te d  vs. n o n fo re s te d )  however, i t  is  assumed th e  s o i l s  
a re  a ls o  somewhat v a r ia b le ,
CL 1 MATE: Most o f  th e  w ea th e r in th e  study a re a  o r ig in a t e s  in th e  
P a c i f i c  Ocean. As th e  P a c i f i c  a i r  masses move o v er  the  Cascade Range 
and B i t t e r r o o t  M ountains t o  th e  west o f  M is so u la , much o f  t h e i r  
m o is tu re  is  d e p le te d .  As a r e s u l t ,  th e  M isso u la  a i r p o r t  averages o n ly  
about 35cm (1 3 .8 " )  o f  p r e c i p i t a t i o n  a n n u a l ly .  The a i r p o r t  (970m) is  
about 12km n o rthw e st o f  U n iv e r s i t y  Mountain and p ro b ab ly  re c e iv e s  
s l i g h t l y  le s s  p r e c i p i t a t i o n  a n n u a lly  than th e  study s i t e  due to  an 
approx im ate  10 degrees C c o o l in g  w ith  ev ery  a d d i t io n a l  lOOOm in  
e le v a t io n .  The s p r in g  months a re  g e n e r a l ly  cool and damp. May and 
June, on averag e , a re  th e  w e t te s t  months w ith  4.6cm ( 1 .8 " )  and 5.0cm  
( 2 .0 " )  r e s p e c t iv e ly .  The mid-surrmer months a re  d ry  w i th  m oderate  
d aytim e  te m p era tu re s  and cool n ig h ts .  J u ly  and August a re  t y p i c a l l y  
th e  d r i e s t  months a v e ra g in g  2.3cm  (0 .9 0 " )  o f  p r e c i p i t a t i o n  each (T a b le  
1 ) .  G rass lan d  ephem erals as a r e s u l t ,  u s u a l ly  deve lop  r a p id ly  in th e  
s p r in g  (A p r i l  to  May) due to  e a r l y  h e a t in g  and m o is tu re ,  and com plete  
t h e i r  l i f e  c y c le s  b e fo re  th e  midsunnmer drou ght.
The c l im a te  o f  M is s o u la  is  a ls o  in f lu e n c e d  by th e  C o n t in e n ta l  
D iv id e ,  9 6 -1 3 0  km t o  th e  e a s t .  A r c t i c  c o ld  a i r  masses o r i g i n a t i n g  in
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Canada u s u a l ly  s l i d e  down th e  e a s te rn  s id e  o f  th e  D iv id e  s p a r in g  
M is so u la  from  b i t t e r  c o ld  te m p e ra tu re s  f o r  most o f  th e  w in t e r .  The 
c o ld e s t  month is  u s u a l ly  January w i th  an average te m p e ra tu re  o f  - 5 , 7  
degrees C. The h o t t e s t  month is  t y p i c a l l y  J u ly  av e ra g in g  1 9 .8  degrees  
C (T a b le  2 ) .  Th ere  a re  u s u a l ly  about 137 days between th e  la s t  s p r in g  
f r e e z e  and th e  f i r s t  f a l l  f r e e z e .
VEGETATION: A pronounced v e g e ta t io n a l  response to  s lo p e  aspect is  
found in w es tern  Montana. The west and south  s lo p e s  a re  t y p i c a l l y  
g ra s s -  covered due to  th e  h igh  é v a p o t r a n s p ir a t io n  r a te s  I ike  I y d u r in g  
midsummer. In th ese  lo c a t io n s ,  a c r i t i c a l  sh o rtag e  o f  m o is tu re  is  
reached p re v e n t in g  t r e e  s u r v iv a l .  The n o r th  s lo pes  a re  g e n e r a l ly  
f o r e s te d  because o f  th e  decrease  in é v a p o t r a n s p ir a t io n .  The n o r th  
s lo p e  o f  U n iv e r s i t y  M ountain , a d ja c e n t  to  th e  s tu dy  a re a , is  dominated  
by Pseudotsuga menz i e s i i  v a r  g Iauca ( D o u g la s - f i r )  w i th  some L a r  i x 
occ i d e n ta l i s (w estern  la rc h )  and occas ion a l P inus ponderosa v a r .  
ponderosa (ponderosa p in e )  and P inus c o n to r ta  v a r .  l a t i f o l i a  ( lo d g e p o le  
p in e ) .  T h is  s lo pe  and th e  edge o f  th e  s a d d le  were burned by a h igh  
in t e n s i t y  w i l d f i r e  in J u ly ,  1985. C onseq uen tly , th e  v e g e ta t io n a l  
com position  o f  t h i s  s lo p e  has been undergoing p o s t - f i r e  successions I 
re c o v e ry  s in c e  t h a t  t im e .
The west s lo p e  o f  U n iv e r s i t y  M ountain  is  p re d o m in a n tly  a 
g ra s s la n d . Festu ca  s c a b r e l I  a is  th e  most common grass  w ith  le s s e r  
numbers o f  Festu ca  i dahoens i s and Agropyron spi catum (Pseudoroegner i a
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spi c a t a ) on th e  d r i e r  s i t e s .  D is tu rb e d  a reas  a re  dominated by Bromus 
te c to ru m . Shrub s p e c ie s  such as Physocarpus m a lvaceu s, Amei a n c h ie r  
a ln  i f o l i  a . Prunus v i r g i n i a n a . and SymphorIcarpos a I bus a re  found on 
rocky a rea s  and in ra v in e s .  Th ere  is  a h igh  d i v e r s i t y  o f  fo rb s  
In te rs p e rs e d  w i th  th e  g rasses on th e  west s lo p e , many o f  which a re  
s p r in g  ephem erals , co m p le ting  t h e i r  l i f e  c y c le s  e a r ly  in th e  growing  
season. Some o f  th e  more conrmon fo rb s  in c lu d e  Balsomorhi za sagi t t a t a . 
D elp h in ium  b i c o l o r . Z i gadenus venenosus. Lupinus s p p . , Cast i I l e j a  s p p . , 
Dodecatheon co n ju g en s . and Ranunculus g la b e r r im u s . C en tau rea  m acu losa, 
a weed in tro d u ced  from  Europe, is  s t e a d i l y  overcoming much o f  th e  
n a t iv e  g ra s s la n d  v e g e ta t io n .  I t  seems to  t h r i v e  on any d is tu rb e d  s i t e .  
Most o f  th e  s tudy  p lo t s  have r e s is t e d  in te n s e  in vas ion  by t h i s  weed so 
f a r ,  bu t i t  has become e s ta b l is h e d  a lo ng  th e  ro a d s id e  and h ik in g  t r a i l s  
i n th e  a r e a .
The s tud y  s i t e  i t s e l f  is  p red o m in a n tly  composed o f  g ra s s la n d  
s p e c ie s .  I t  is  bounded on th e  south (n o r t h - f a c in g  s lo p e ) however w ith  
a r a t h e r  dense ponderosa p i n e /D o u g l a s - f i r  f o r e s t .  On th e  n o rth e rn  edge 
o f  t h i s  f o r e s t  is a p r o l i f i c  abundance o f  ponderosa p in e  s e e d l in g s  
e x te n d in g  in to  th e  g ra s s la n d  a re a  (F ig .  3 ) .  They average about 7 years  
o ld  and many appear to  have become e s ta b l is h e d  w i t h in  one to  th re e  
y e a rs  o f  one a n o th e r .  There  a re  a ls o  a few D o u g la s - f i r  s e e d l in g s  mixed  
in  on some o f  th e  study p lo t s ,  but th e y  a re  no t n e a r ly  as abundant. 
T h ere  is  a g ra v e l road  e x te n d in g  th rough th e  le n g th  o f  th e  study a re a .
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Figure 3, Photograph of southern edge o f study area showing dense 
th icke ts  o f  P̂ , ponderosa invading the adjacent grassland
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The n o r th e rn  r id g e  l i n e  l i e s  about 45m from  th e  road . There  a re  a few  
ve ry  la rg e  (2 5 -3 5 "  dbh) ponderosa p ines  s c a t te r e d  th roughout th e  a re a ,  
some o f  which o r ig in a t e d  in th e  1 5 0 0 's and 1 6 0 0 's. H i s t o r i c a l l y ,  th ese  
la rg e  p in e s  were l i k e l y  p a r t  o f  a f i r e - m a in t a in e d  grass Ia n d - fo r e s t  
mosaic c o v e r in g  th e  a re a  p r i o r  to  1900.
F I RE: A f i r e  h is t o r y  a n a ly s is  o f  th e  s tudy s i t e  and su rrou nd ing
a re a s  was completed in th e  summer o f  1986 by Dr. J . R. Habeck (Habeck 
1 9 0 6 ), He d iv id e d  th e  a re a  in to  fo u r  p h y s io g ra p h ic  s u b u n its ,  each  
suspected to  r e f l e c t  a d i f f e r e n t  lo c a l i z e d  f i r e  reg im e. The a n a ly s is  
was done by ta k in g  c ro s s -s e c t io n s  and wedges from  20 f i r e - s c a r r e d  t r e e s  
w i t h in  th ese  s u b u n its  (F ig .  4 ) ,  A s p e c i f i c  f i r e  chronology f o r  each  
s u b u n it  was then de term in ed  by t r e e  r in g  counts
The N o rth  S lope System ("N") showed th e  longest average f i r e  
i n t e r v a l  o f  4 8 .0  y e a rs  (s ta n d a rd  d e v ia t io n  = 1 5 ) ,  based on fo u r  
ponderosa p in e  samples from  th e  s i t e .  F i r e  ye a rs  documented were 1946, 
1892, 1858, and 1812, T h is  s u b u n it  is  s i g n i f i c a n t l y  more m o is t than  
th e  o th e r  a rea s  because o f  i t s  n o r t h e r ly  as p e c t, and a p p a re n t ly  escaped  
most o f  th e  p a s t f i r e s  which moved up th e  g ra s s la n d s  on th e  west s lo p e .
The Mt. S e n t in e l  N o r th e a s t  S lope System ("NE") has an average f i r e  
in t e r v a l  o f  2 2 .6  y e a rs  (s ta n d a rd  d e v ia t io n  = 8 .6 )  based on f i v e  
ponderosa p in e  samples from  th e  s i t e .  F i r e  ye a rs  documented were from  
1905 to  1701, and f i r e  in t e r v a l s  ranged from  12 to  38 y e a rs .
The UM/Cox N o rth  S lope System ("S ") has th e  s h o r te s t  average f i r e
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in te r v a l  o f  8 . 2  y e a rs  (s ta n d a rd  d e v ia t io n  = 6 .2 )  based on two ponderosa  
p in e  and s ix  D o u g la s - f i r  samples taken  from  th e  a re a .  F i r e  ye ars  
documented were from  1952 to  1612, and f i r e  i n t e r v a l s  ranged from  2 to
21 y e a rs .  T h is  is  a ls o  a n o r th  s lo p e , but g ra s s la n d  f i r e s  from  th e
west s lo p e  o f  U n iv e r s i t y  Mountain l i k e l y  spread f r e q u e n t ly  in to  t h i s  
s u b u n it .  P r io r  to  f i r e  su pp ress io n , th e  more f re q u e n t  f i r e s  p ro b a b ly  
k e p t  t h i s  s u b u n it  more open and m a in ta in e d  a Festuca  
s c a b r e l l a -d om inated  u n d e rs to ry .
The Upper Northw est C razy Canyon (e a s t  s lo p e ) and Saddle  Area  
System ("E") in c lu d es  th e  s tudy a re a , a lth o u g h  no f i r e - s c a r r e d  t r e e s  
were found s p e c i f i c a l l y  w i t h in  th e  s tu dy  s i t e .  T h is  s u b u n it  has an 
average f i r e  in te r v a l  o f  1 1 .2  ye ars  (s ta n d a rd  d e v ia t io n  = 8 . 0 ) ,  based 
on s ix  ponderosa p in e  samples taken  from  th e  a re a .  F i r e  years  
documented were from  1946 to  1742, and f i r e  in t e r v a l s  ranged from  2 to
27 y e a rs . S in ce  most o f  th ese  samples were taken  on the  e a s t - f a c in g
s lo p e  and th e  study a re a  a c t u a l l y  fa c e s  southw est, th e  average f i r e  
in t e r v a l  is  p rob ab ly  s l i g h t l y  s h o r te r ,  and c lo s e r  to  th e  average  
de te rm in ed  f o r  th e  UM/Cox N o rth  S lope System. The most re c e n t f i r e  to  
occur on U n iv e r s i t y  M ountain was a m a jo r  w i l d f i r e  th a t  s t a r t e d  in J u ly ,
1985. I t  was s t a r t e d  a t  th e  base o f  Mt. S e n t in e l  and q u ic k ly  spread to  
th e  n o r th  s lo p e , s c o rch in g  much o f  H e l lg a t e  Canyon. The s tudy  a re a  
escaped b e in g  burned by about 30 m ete rs . A f i r e  in 1946 was pro b ab ly  
th e  most re c e n t  f i r e  to  sweep o v e r  th e  a c tu a l s tudy s i t e .  The N o rth
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Figure 4 . Map id e n t i fy in g  subunits sampled by Dr, J . R. Habeck in  1986 
to determine f i r e  h is to ry  o f  the area . Numbers represent 
in d iv id u a l trees sampled. "N" = North Slope System (Mean 
F ire  In te rv a l  (MFI) = 48 y r s . ) ;  "NE" = Northeast Slope System 
(MFI = 22.6 y r s . ) ;  "E" = Upper Northwest Crazy Canyon and 
Saddle Area System (MFI = 11.2 y r s . ) ;  "S" = UM/Cox North 
Slope System (MFI = 8 .2  y r s . )
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S lope System, UM/Cox N o rth  S lope System and th e  Upper NW C razy Canyon 
and Study A rea  S add le  System a l l  had t r e e s  w i th  s c a rs  on them from  t h i s  
f i r e .
HUMAN and ANIMAL IMPACTS: The study a re a  appears m in im a l ly  
impacted by w i l d l i f e ,  dom estic  a n im a ls , and peop le . Human access is  
ach ie ved  in two ways. A road le a d in g  through C razy Canyon and ending  
a t  th e  summit o f  Mt. S e n t in e l  is  c lo se d  to  th e  genera l p u b l ic ,  but is  
used d u r in g  th e  summer months by hang g l i d e r s .  Use o f  t h i s  road , even 
though i t  passes th ro u gh  th e  s tudy  a re a ,  does not have a h igh impact on 
th e  a re a .  Human access is  a ls o  ga ine d  through th e  use o f  h ik in g  t r a i l s  
le a d in g  up th e  west s lo p e  o f  U n iv e r s i t y  M ountain . Because th e  t r a i l s  
a re  r e l a t i v e l y  long and s te e p , few peop le  make i t  a l l  th e  way to  th e  
stud y  a re a .  I t  is  t h e r e f o r e  assumed t h a t  th e  human impact to  th e  study  
s i t e  in re c e n t  decades is  m in im a l.
N o r th e a s t  s e c t io n  35 is  p a r t  o f  a la r g e r  p ie c e  o f  land ( p r i v a t e l y  
owned) which has been used as a horse p a s tu re  in re c e n t  decades. 
A p p ro x im a te ly  10 -12  horses a re  g raze d  on th e  p ro p e r ty .  A fe n c e  
g e n e r a l ly  e x c lu d e s  them from  th e  s tudy  a re a , but a g a te  which has 
o c c a s io n a l ly  been l e f t  open, and b reaks  in th e  fe n c e  1 i ne have a llo w e d  
some t re s p a s s  g ra z in g  on th e  s tu dy  s i t e .  Some horseback r i d e r s  a ls o  
t r a v e r s e  th e  a re a .  Th ere  a re ,  in a d d i t io n ,  a f a i r  number o f  w h i t e t a i l  
d e e r  (O d o c o i1 eus v i r g i n ia n u s ) and mule d e er  (O. hemionus) in th e  a re a .  
None were s ig h te d  g ra z in g  w i t h in  th e  s tudy s i t e  d u r in g  th e  f i e l d
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season, and t r a c k s ,  d ro p p in g s , and p e l l e t  groups o f  horses and deer  
were r a r e l y  observed w i t h in  th e  s tudy  area ; i t  is  presumed however t h a t  
an im a ls  do have minimum impact on th e  a r e a 's  v e g e ta t io n .
CHAPTER IV 
METHODS
FIELD PROCEDURES
STRUCTURAL AND COMPOSITIONAL CHANGE: F i e l d  samp I ing began in June,
1986. N in e te e n  s tand s  were chosen f o r  d e t a i l e d  a n a ly s is  (F ig .  5 ) .  
Stands were s e le c te d  s p e c i f i c a l l y  to  re p re s e n t  v a r io u s  phases in th e  
in v a s io n  sequence. Some stand s lacked t r e e s  c o m p le te ly ,  o th e rs  had 
v a ry in g  numbers o f  s e e d l in g s ,  o r  s a p l in g s ,  o r  were lo c a te d  w i t h in  
m ature  f o r e s t .  T h is  method o f  v e g e ta t io n  sam pling which s u b s t i tu te s  
space f o r  t im e  has l i m i t a t i o n s  and r e q u ir e s  t h a t  some assumptions be 
made. The p r im a ry  assumption is  t h a t  th e  sample p lo ts  a re  th e  same in
a l l  f a c t o r s  ex c e p t in th e  presence o r  absence o f  t r e e s .  An a t te m p t was
made to  sample In a re a s  t h a t  were as p h y s ic a l ly  homogeneous as p o s s ib le  
based on f a c t o r s  such as degree o f  s lo p e  and d i r e c t i o n  o f  exposure.
T h is  was d i f f i c u l t  because o f  th e  concave sa d d le  in which th e  t r e e
in v a s io n  is  ta k in g  p la c e .  I t  is  re c o g n ize d  t h a t  th e re  was a small
amount o f  v a r i a t i o n  between s tand s  in th ese  f e a t u r e s ,  and t h a t  
assum ption is  t h e r e f o r e  n o t c o m p le te ly  v a l i d  in t h i s  case.
The v e g e ta t io n  sam pling  methods were m o d if ie d  from  th e  procedures  
d e s c r ib e d  by S t ic k n e y  (1 9 8 5 ) .  Because o f  th e  mosaic v e g e ta t io n a l  
p a t t e r n  o f  th e  s tudy  a re a ,  i t  was no t f e a s i b l e  to  sample w i t h  long
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t r a n s e c t s .  S tands to  be sampled were o f te n  small in s i z e ,  t h e r e fo r e  
sam pling  p l o t s  were a ls o  r e s t r i c t e d  in s i z e .  Once a s tand  was lo c a te d ,  
a random number t a b le  was used to  p o s i t io n  th e  sam pling p l o t .  In t h i s  
way, some amount o f  randomness was r e t a in e d .  Sample p lo t s  were 3 
m e te rs  x 5 m ete rs  in s i z e  w i t h  a 0 , 5  m eter  x 0 . 5  m ete r  q u ad ra t nested  
in each o f  th e  fo u r  c o rn e rs  (F ig .  6 ) .  T ree s  were sampled w i t h in  th e  3 
m e te r  x 5 m e te r  q u a d ra t  and a l l  o th e r  v e g e ta t io n  was sampled w i t h in  th e  
0 . 5  m ete r  x 0 , 5  m e te r  q u a d ra ts .  Data reco rd ed  f o r  t r e e s  w i t h in  each  
q u a d ra t  in c lu d e d  s p e c ie s ,  d e n s i ty ,  h e ig h t  ( to  n e a re s t  d e c im e te r ) ,  and 
two h o r iz o n t a l  d im ensions ta k e n  a t  90 degree an g les  a t  th e  w id e s t p a r t  
o f  th e  crown. T re e  co ver co u ld  then be e s t im a te d  by t r e a t i n g  these  
h o r iz o n ta l  d im ensions as axes o f  an e l l i p s e  and s o lv in g  f o r  a re a .
T o ta l  t r e e  co ver f o r  each p l o t  was c o n ve rted  to  a 0 .0 1  h e c ta re  
s ta n d a rd .  T h is  s ta n d a rd  e q u a ls  1(X) square  m e te rs , th e r e f o r e  v a lu e s  may 
be in t e r p r e t e d  as e i t h e r  m ete rs  squared p e r 0 .0 1  h e c ta re  o r  as p e rc e n t  
ground covered .
Approxim ate age f o r  each t r e e  was a ls o  reco rd ed  based on th e  
number o f  w h o rls  o f  branches. T h is  method was assumed to  be a c c u ra te  
to  w i t h in  one to  two y e a rs  based on a comparison o f  r in g  counts w ith  
whorl number f o r  s e v e ra l in d iv id u a l  t r e e s .  For t r e e s  o v er  two m eters  
in h e ig h t ,  an increm ent core  was ta ken  to  d e te rm in e  age and a 
measurement o f  dbh (d ia m e te r  a t  b re a s t  h e ig h t )  was re c o rd e d . Basal 
a re a  o f  t r e e s  was de te rm ined  from  th e  c e n te r  o f  each sample p lo t  us ing
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Figure 6 , Diagram o f  p lo t  used to sample veg eta tion .
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a p r is m . T re e s  le s s  than 5 inches dbh were no t in c lud ed  in basal a re a  
m easurem ents.
W i th in  th e  0 . 5  m e te r  x 0 . 5  m ete r  q u a d ra t ,  a b s o lu te  cover o f  
herbaceous s p e c ie s  was d e term in ed  f o l lo w in g  th e  method o f  S t ic k n e y  
(1 9 8 5 ) .  Cover f o r  in d iv id u a l  s p e c ie s  was approxim ated to  th e  n e a re s t  
o n e - s ix t h  o f  th e  q u a d ra t .  I f  a s p e c ie s  covered o v er o n e -h a l f  o f  
o n e - s ix t h  o f  a q u a d ra t ,  i t  was reco rd ed  as having o n e -s ix th  coverage  
f o r  t h a t  q u a d ra t .  The canopy o f  a p la n t  ro o te d  o u ts id e  th e  qu ad ra t was 
in c lu d e d  to  th e  e x te n t  t h a t  th e  canopy extended in to  th e  q u ad ra t a re a .  
In  q u a d ra ts  where th e  t o t a l  v e g e ta t io n  cover d id  no t equal 100X 
( s i x - s i x t h s ) ,  th e  re m a in in g  a re a  was c l a s s i f i e d  f o r  cover as: (1) bare
s o i l  (2 ) ro c k  (3 ) l i t t e r  o r  (4 ) m o s s /l ic h e n .
D e n s ity  was a ls o  d e te rm in ed  f o r  each s p ec ies  o c c u rr in g  in th e  0 . 5  
m e te r  x 0 . 5  m e te r  q u a d ra ts  by co u n tin g  in d iv id u a ls .  P r o s t r a t e  s p e c ie s ,  
such as A rc to s ta p h y 1 os uva- u r s i , which grow in s p ra w lin g  mats o f  
branches, a re  v e ry  d i f f i c u l t  to  count and o f te n  extended in to ,  but were 
not a lw ays ro o te d  in a q u a d ra t .  These s p e c ie s  were no t g iv e n  a d e n s i ty  
v a lu e .  In a d d i t io n ,  c e r t a in  s o d -fo rm in g  g rasses , such as Poa p r a te n s ts  
f o r  which i t  was v i r t u a l l y  im po ssib le  to  d is t in g u is h  one in d iv id u a l  
from  a n o th e r ,  were t h e r e f o r e  a ls o  o n ly  g iv e n  co ver v a lu e s  in a q u a d ra t .  
F o l lo w in g  docum entation  o f  s p e c ie s  p re s e n t in th e  0 . 5  m ete r  x 0 . 5  m ete r  
q u a d ra t ,  a g en era l survey  o f  th e  5 m e te r  x 3 m eter  qu ad ra t was done and 
any s p e c ie s  n o t o c c u r r in g  in th e  s m a l le r  q u a d ra t ,  but observed in th e
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l a r g e r  q u a d ra t ,  were reco rd ed  as be ing  " p r e s e n t ."  S ince  f i e l d  s tudy  
d id  n o t beg in  u n t i l  June, s p r in g  ephemera Is  such as RanuncuI us 
QI a b e r r i mus were n o t in c lud ed  in th e  sp e c ie s  com position  d a ta .  P la n t  
s p e c ie s  n o m enc la tu re  fo l lo w s  H itc h co ck  and C ro n q u is t  (1 9 7 3 ) .
Measurements were made to  document a changes in v ig o r  o f  n a t iv e  
bunchgrass s p e c ie s ,  in c lu d in g  Festu ca  s c a b r e l la  and Festuca  id a h o e n s is . 
Daubenmire (1968) d e f in e d  v ig o r  as, "The r e l a t i v e  s iz e  and h e a l th  o f  
th e  in d iv id u a l  w ith o u t  r e fe re n c e  to  i t s  r e p ro d u c t iv e  s u cce ss ."  To 
document change in  t h i s  f a c t o r  a measurement o f  th e  le n g th  o f  th e  
lo n g e s t l e a f  on te n  p la n ts  was made f o r  each bunchgrass sp e c ie s  
o c c u r r in g  in th e  s tu d y  p l o t .  These measurements were taken  from  
in d iv id u a ls  lo c a te d  in th e  fo u r  0 . 5  m e te r  x 0 . 5  m ete r  q u a d ra ts  f i r s t ,  
and i f  a d d i t io n a l  in d iv id u a ls  were r e q u ire d ,  p la n ts  from  th e  5 m eter  x 
3 m e te r  q u a d ra t  were used. Some s tudy p lo t s  d id  not have ten  
in d iv id u a ls  and measurements were taken  on as many as p o s s ib le .  T h is  
method f o r  d e te rm in in g  grass  v ig o r  is  common I y used ( W i l la r d  1987, 
personal communication) and was recommended in th e  Range A n a ly s is  
Handbook (1 9 7 7 ) .  S evera l o th e r  a u th o rs  in c lu d e  le a f  le n g th  as an 
in d ic a t o r  o f  grass  v ig o r ,  in c lu d in g  S h o rt and Wool f o l k  (1 9 5 6 ) ,  Weaver 
and D ari and (1 9 4 7 ) ,  and Goebel and Cook (1 9 6 0 ) .  Hanson (1950) s t a te d ,  
"H e ig h t  is  a good index o f  v ig o r  and can be used as a c r i t e r i o n  o f  th e  
s u i t a b i l i t y  o f  th e  en v iro n m en ta l c o n d it io n s  f o r  th e  growth o f  a 
spec i e s ."
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As a n o th e r  means o f  d e te rm in in g  v ig o r  In th ese  bunchgrass s p e c ie s ,  
th e  h e ig h t  o f  th e  t a l l e s t  s e e d s ta lK  was reco rd ed  f o r  each in d iv id u a l  
bunchgrass in th e  q u a d ra t .  T h is  method has been d iscussed  p o s i t i v e l y  
by Goebel and Cook (1 9 6 0 ) ,  Weaver and Dari and (1 9 4 7 ) ,  and Hanson 
(1 9 5 0 ) .  bu t th e  Range A n a ly s is  Handbook contends, "L eaf len g th s  a re  a 
more r e l i a b l e  measurement o f  v ig o r  than seed s t a l k  h e ig h ts ."
S o i l  m o is tu re  was measured s e v e ra l d i f f e r e n t  t im es  d u r in g  th e  
f i e l d  season. Most p lo t s  were sampled fo u r  t im es , on J u ly  8, August 5, 
August 23, and September 10. Two p lo ts  (#17 and #1 8 ) were sampled 
th r e e  t im e s  because t h e i r  lo c a t io n  was not known on th e  f i r s t  sam pling  
d a te .  One p lo t  (#19) was o n ly  sampled once because o f  a la s t  m inute  
d e c is io n  to  pu t a sample p l o t  in t h a t  s i t e .  S o il  samples were 
c o l le c t e d  a t  a depth  o f  15 -20  cm from  th e  c e n te r  o f  each p l o t  and put 
in s o i l  cans. Samples were then  weighed and p laced  in a d ry in g  oven 
f o r  a p p ro x im a te ly  48 hours a t  1 0 0 -1 10 degrees C. They were then  
rew eighed and s o i l  m o is tu re  was d e te rm in ed  by th e  fo l lo w in g  g r a v im e t r ic  
fo rm u la :  [ (w e t  w e ig h t -  d ry  w e i g h t ) /d r y  w e ig h t]  x 100 = % s o i l  
mo is t u r e .
L ig h t  in t e n s i t y  measurements were a ls o  taken  th re e  tim es d u r in g  
th e  f i e l d  season on J u ly  8 , J u ly  15. and August 14. A General E l e c t r i c  
Type 214 L ig h t  M e te r  was used and measurements were alw ays taken  
between 1 1 :0 0  and 1 :0 0  on c le a r  days to  a v o id  shading from  c louds. 
Measurements were taken  from  each o f  th e  fo u r  0 . 5  m ete r  x 0 . 5  m ete r
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q u a d ra ts  w i t h i n  th e  p l o t  a t  a p p ro x im a te ly  1 m ete r  above th e  ground.
The fo u r  measurements from  each p lo t  were then averaged f o r  each d a te ,  
and th e  mean o f  th o se  v a lu e s  was c a lc u la te d .  T h is  r e s u l te d  in one 
v a lu e  o f  l i g h t  in t e n s i t y  f o r  each p lo t  which was used in th e  d a ta  
a n a ly s is .  P h y s ic a l c h a r a c t e r i s t i c s  such as s lo p e  and aspect were a ls o  
rec o rd e d  f o r  each sam pling  p l o t .  T a b le  3 l i s t s  th e  s lo p e , as p ec t,  
average  l i g h t  i n t e n s i t y ,  and s o i l  m o is tu re  measurements f o r  the  
n in e te e n  sample p l o t s .
FOREST HISTORY: To b e t t e r  understand  and i n t e r p r e t  v e g e ta t io n  
changes d u r in g  th e  p a s t c e n tu ry ,  a f o r e s t  h is t o r y  p l o t ,  0 .1 0  ac re  in  
s iz e  (0 .0 7  h e c t a r e ) ,  was e s ta b l is h e d  in th e  study a rea  s i m i l i a r  to  
th o se  employed by Freedman and Habeck (1 9 8 5 ) .  Each in d iv id u a l  t r e e  
w i t h in  t h i s  p l o t  was mapped on a s c a le d  d iagram . T ree s  o v er  1 inch dbh 
were d e s ig n a te d  by t h e i r  d b h 's .  T re e s  under 1 inch dbh were measured  
by h e ig h t  to  th e  n e a re s t  c e n t im e te r .  Increm ent cores were taken from  a 
s e r ie s  o f  P inus ponderosa t r e e s  (27) and Pseudotsuga m enzie s i i t r e e s  
( 6 ) ,  and re g re s s io n  e q u a t io n s  were e s ta b l is h e d  to  de te rm in e  th e  
r e l a t i o n s h i p  between dbh and y e a r  o f  t r e e  o r i g i n  f o r  th ese  s p ec ies .  
S evera l c ro s s  s e c t io n s  were ta ken  from  s m a l le r  t r e e s  (P. ponderosa: 
n=124; P. menz i e s i i : n=23) a t  ground le v e l  and a re g re s s io n  e q u a t io n s  
w ere a g a in  e s ta b l is h e d  to  d e te rm in e  th e  r e l a t i o n s h i p  between h e ig h t  and 
d a te  o f  t r e e  o r i g i n  f o r  th ese  s p e c ie s . Using th ese  e q u a t io n s , t r e e s  
c o u ld  be ex c lu ded  o r  "removed" c h ro n o s e q u e n t ia l1 y and approxim ate
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e a r l i e r  t r e e  d e n s i t ie s  co u ld  be de term in ed  f o r  d i f f e r e n t  h i s t o r i c a l  
i n t e r v a ls .
DATA ANALYSIS
STRUCTURAL AND COMPOS ITIONAL CHANGE: Spearman rank c o r r e la t io n  
c o e f f i c i e n t s  were g e n e ra te d  w i t h  th e  computer program SYSTAT (W ilk in s o n  
1985) to  d e te rm in e  th e  degree o f  c o r r e la t io n  between environm enta l  
v a r ia b le s ,  t r e e  d a ta ,  and cover o r  d e n s i ty  v a lu e s  f o r  herbaceous p la n t  
s p e c ie s .  T h is  t e s t  was de term in ed  to  be th e  most a p p ro p r ia te  f o r  th ese  
d a ta  because o f  i t s  les s  r e s t r i c t i v e  assumptions; ie .  th e  d a ta  do not  
have to  be norm al. In  a d d i t io n ,  i t  measures c e r t a in  r e la t io n s h ip s  t h a t  
a re  n o t l i n e a r  (B h a tta c h a ry y a  and Johnson 1977). S c a t t e r p lo t s  were  
a ls o  made f o r  some o f  th e  p la n t  s p e c ie s  in an a t te m p t to  g a in  a b e t t e r  
u n d e rs ta n d in g  o f  th ese  r e la t io n s h ip s .  The v a r ia b le s  used f o r  
c o r r e l a t i o n  w i t h  cover and d e n s i ty  o f  herbaceous s p e c ie s  were chosen 
because th e y  were b e l ie v e d  to  be th e  p r im ary  f a c t o r s  changing w i th  t r e e  
e s ta b l is h m e n t .  The h y p o th e s is  cou ld  then be te s te d  by o b serv in g  
f l u c t u a t i o n s  in s p e c ie s ' c o ver  o r  d e n s i ty  and comparing them to  changes 
in  th ese  f a c t o r s  o c c u r r in g  w i th  t r e e  e s ta b l is h m e n t .
Spearman ran k  c o r r e l a t i o n  c o e f f i c i e n t s  and r e la t e d  s c a t t e r p lo t s  
were a ls o  produced us in g  t o t a l  v e g e ta t io n  co ver and comparing t h a t  to  
th e  d i f f e r e n t  en v iro n m e n ta l and t r e e  v a r ia b le s  to  d e te rm in e  i f  t o t a l  
v e g e t a t io n  cover changes as t r e e s  invade th e  g ra s s la n d . The t o t a l  
v e g e t a t io n  co ver  was then d iv id e d  in to  th e  p o r t io n  o f  t h a t  t o t a l
39
composed o f  g ra s s e s , and th e  p o r t io n  composed o f  fo rb s .  By doing t h i s ,  
a comparison co u ld  ag a in  be made us ing  Spearman rank  c o r r e la t io n  
c o e f f i c i e n t s  and s c a t t e r p l o t s  to  see i f  t r e e  in v a s io n  a f f e c t s  th ese  two 
g e n era l groups o f  p la n ts  in d i f f e r e n t  ways.
Spearman ra n k  c o r r e la t io n s  and s c a t t e r p lo t s  were a ls o  done using  
th e  l e a f  le n g th s  and f lo w e r  s t a l k  len g th s  o f  F estu ca  s c a b r e l I  a and 
F e stu ca  i dahoens i s . R e la t io n s h ip s  between th ese  v a r ia b le s ,  th e  
en v iron m e n ta l f a c t o r s ,  and th e  t r e e  d a ta  co u ld  then be de term ined  to  
see i f  th e r e  is  a change in th e  v ig o r  o f  th ese  s p ec ies  as t r e e s  become 
e s ta b l is h e d .
A two-way in d ic a t o r  s p e c ie s  a n a ly s is  (TWINSPAN) was done both on 
th e  herbaceous s p e c ie s  cover d a ta  and on th e  herbaceous s p ec ies  d e n s ity  
d a ta ,  g e n e ra te d  w i t h  th e  computer system PC-ORD (McCune 1967). T h is  
was done to  a n a ly z e  s i t e s  and s p e c ie s  which were c lo s e ly  a s s o c ia te d  
w it h  one a n o th e r .  TWINSPAN is  a p o ly t h e t ic  d i v i s i v e  te c h n iq u e  o f  
c l a s s i f i c a t i o n  ( H i l l  1 9 7 9 ) . I t  uses d a ta  from  a l l  th e  s p e c ie s  to  
d iv id e  th e  samples in to  a h ie ra rc h y  o f  s u c c e s s iv e ly  s m a l le r  c lu s t e r s  o f  
samples (Gauch 1 9 0 2 ) .  T h is  sample c l a s s i f i c a t i o n  is  then used to  
produce a c l a s s i f i c a t i o n  o f  th e  s p e c ie s  "a c c o rd in g  to  t h e i r  e c o lo g ic a l  
p re fe re n c e s "  ( H i l l  1 9 7 9 ) . A ccord ing  to  H i l l ,  "The two c l a s s i f i c a t i o n s  
a re  th en  used to g e th e r  to  o b ta in  an o rd e re d  two-way t a b le  th a t  
ex p ress es  th e  s p e c ie s '  s y n e c o lo g ic a l r e l a t i o n s  as s u c c in c t ly  as 
p o s s i b le . "  Gauch s t a t e s  t h a t  TWINSPAN is  "recommended f o r  h ie r a r c h ic a l
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c l a s s i f i c a t i o n  because o f  i t s  e f f e c t iv e n e s s  and i t s  ro b u s tn e s s .” He 
contends t h a t  because e c o lo g ic a l  community d a ta  g e n e r a l ly  have a h igh
amount o f  v a r ia n c e ,  a p o l y t h e t i c  d i v i s i v e  te c h n iq u e , such as TWINSPAN,
is  c l e a r l y  p r e f e r a b le  to  a m o n o th e tic  a g g lo m e ra t iv e  te c h n iq u e .
Pseudospecies c u t le v e ls  f o r  th e  cover d a ta  were s e t  a t  O, 0 .0 8 ,  
0 .1 7 ,  0 .2 5 ,  and 0 .3 3 .  The c u t le v e ls  f o r  th e  d e n s i ty  d a ta  were s e t  a t  
O, 2 , 5 , 10, and 20. O th e r  param eters  were th e  same f o r  both ana lyses
and were as fo l lo w s :
Minimum group s i z e  f o r  d i v is io n  = 5 
Maximum number o f  in d ic a to r s  per d iv is io n  = 7 
Maximum le v e l  o f  d iv is io n s  = 6
B r a y - C u r t is  (1957) o r d in a t io n s  were c o n s tru c te d  w i th  the  
herbaceous s p e c ie s  cover d a ta  and th e  herbaceous s p e c ie s  d e n s i ty  d a ta  
us ing  th e  computer program PC-ORD. O r d in a t io n s  were done on th e  cover  
d a ta  u s in g  a l l  n in e te e n  p lo ts  and ag a in  us ing  e ig h te e n  p lo t s ,  o rrm itt in g  
one p l o t  w hich was se g reg a ted  from  th e  o th e rs  in th e  f i r s t  o r d in a t io n .  
T h is  f a c i l i t a t e d  a g r e a t e r  s e p a r a t io n  between th e  rem a in in g  e ig h te e n  
p lo t s .
The purpose o f  o r d in a t io n  is  " to  summarize community d a ta  by 
pro d u c ing  a low -d im ensional o r d in a t io n  space . . .  in which s i m i l i a r  
s p e c ie s  and samples a re  c lo s e  to g e th e r  and d i s s i m i l i a r  e n t i t i e s  f a r  
a p a r t "  (Gauch 1 9 8 2 ) .  S evera l m o d i f ic a t io n s  have been made on th e  
o r i g i n a l  B r a y - C u r t is  (1957) procedure  to  improve th e  perform ance (B ea ls
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1 9 0 4 ) .  A cc o rd in g  to  B e a ls ,  th e  m o d i f ie d  B r a y -C u r t is  o r d in a t io n  
te c h n iq u e  ' ' is  one o f  th e  most success fu l and a p p r o p r ia te  means o f  
m u l t i v a r i a t e  a n a ly s is  o f  p h y to s o c io lo g ic a l  and s i m i l i a r  e c o lo g ic a l  
d a t a . . . "  The d is ta n c e  measure used was S orenson 's  c o e f f i c i e n t  
(1 -(2W /A +B)> where A is  th e  sum o f  v a lu e s  f o r  one s tand , B is  th e  sum 
o f  v a lu e s  f o r  a second s ta n d , and W is  th e  sum o f  th e  le s s e r  v a lu e  f o r  
those s p e c ie s  common to  both s tan d s . Endpoint s e le c t io n  was de term ined  
us in g  v a r ia n c e - r e g r e s s io n  c r i t e r i o n .  Both o f  th ese  were recommended by 
B ea ls  (1 9 8 4 ) .
C lu s t e r  a n a ly s e s  were perform ed on th e  cover and d e n s i ty  d a ta  o f  
s p e c ie s  o c c u r r in g  in th e  n in e te e n  p lo ts  us ing  PC-ORD, and compared to  
th e  B r a y -C u r t is  o r d in a t io n s  to  d e te rm in e  p a t te rn s  o r  t re n d s  in sp ec ies  
co m p osition  co rres p o n d in g  w i t h  en v ironm enta l and t r e e  v a r ia b le s .
C lu s t e r  a n a ly s is  is  a h i e r a r c h i c a l ,  a g g lo m é ra t iv e ,  p o ly t h e t ic  te chn iq u e  
o f  d e f in in g  groups based on t h e i r  s i m i l i a r ! t i e s  (Gauch 19 82 ) .
E u c l id e a n  d is ta n c e  was used as th e  d is ta n c e  measure, and W ard 's  method 
( h ie r a r c h ic a l  g rou p in g) was th e  method o f  group 1 inKage.
FOREST HI STORY: C a le n d a r  ye ars  o f  e s ta b lis h m e n t rec o rd e d  in th e  
h is t o r y  p l o t  were compared to  p r e c i p i t a t i o n  re c o rd s  o f  th e  N a tio n a l  
W eather S e rv ic e  ta ken  a t  th e  M is s o u la  County A i r p o r t  to  t e s t  th e  
h y p o th e s is  t h a t  s i g n i f i c a n t  amounts o f  t r e e  e s ta b lis h m e n t in th e  study  
a re a  o c c u rre d  p r i m a r i l y  d u r in g  r e l a t i v e l y  wet y e a rs .  F i r e  years  
e s t im a te d  from  Dr. HabecK's s tudy  cou ld  a ls o  be a n a ly ze d  to  de te rm in e
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w h eth er modern f i r e  su ppress ion  c o n tr ib u te d  to  re c e n t  t r e e  invas ion  in 
th e  s tud y  s i t e .
CHAPTER V 
RESULTS AND DISCUSSION
O r d In a t  i on and C lu s t e r  A nalys i s : O rd in a t io n s  and c lu s t e r  an a lyses  
based on herbaceous cover and d e n s i ty  d a ta  f o r  s p e c ie s  p re s e n t in th e  
sample p lo t s  p ro v id e d  a method f o r  comparing s p ec ies  com position and 
d i f f e r e n c e s  in en v ironm enta l and t r e e  v a r ia b le s  between p lo ts .  The 
o r d in a t io n  o f  a l l  n in e te e n  p lo t s  based on s p e c ie s ' cover is  shown in  
F ig .  7. P lo t  # 1 9  had no herbaceous v e g e ta t io n  cover v a lu e s  and was 
t h e r e f o r e  s e p a ra te d  a t  a d is ta n c e  from  th e  o th e r  e ig h te e n  p lo ts .  A 
second o r d in a t io n  was done o m it t in g  p lo t  #19  (F ig .  8) to  f a c i l i t a t e  
f u r t h e r  s e p a r a t io n  o f  th e  re m a in in g  e ig h te e n  p lo t s .  A x is  1 o f  t h i s  
o r d in a t io n  e x t r a c t e d  27/. o f  th e  in fo rm a tio n  in th e  d a ta  m a t r ix .  T h is  
a x is  was most h ig h ly  c o r r e la t e d  w i th  Festuca  sc ab re I I a ( r^ = 0 .6 9 ,  
t a u = - 0 . 7 4 ) .  A x is  2 e x t r a c t e d  19% o f  th e  in fo rm a tio n  from  th e  d a ta  
m a t r ix .  F e s tu ca  idahoensis  was most h ig h ly  c o r r e la t e d  w i t h  t h i s  a x is  
( r ^ = 0 .5 2 ,  t a u = 0 .5 9 ) .  A x is  3 is  shown in F ig .  9 . T h is  a x is  e x t r a c te d  
18% o f  th e  in fo rm a tio n  from  th e  d a ta  m a t r ix ,  and was most h ig h ly  
c o r r e la t e d  w i t h  F ra g a r  i a v i rg i  n i ana ( r 2 = o .4 7 ,  ta u  = - 0 . 4 3 ) .  A dendrogram  
from  th e  c l u s t e r  a n a ly s is  o f  th e  same e ig h te e n  p lo ts  is  shown in 
F i g .  1 0 .
Both th e  o r d in a t io n s  and th e  c lu s t e r  a n a ly s is  show s e v e ra l p lo ts
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t h a t  a re  grouped to g e th e r .  P lo ts  # 4 ,  12. 14, and 17 a re  c lu s te re d  and 
o rd  m a te d  in a c lo s e  group. P lo t  #1 is  a ls o  somewhat c lo s e  to  t h i s  
group in both th e  o r d in a t io n  and th e  c lu s t e r  dendrogram. A l l  o f  these  
p l o t s  have r e l a t i v e l y  h ig h  l i g h t  in t e n s i t y  av e ra g in g  57 90 -626 0  f t c .
A l l  ex c e p t p l o t  #1 have z e ro  t r e e  cover and ze ro  t r e e  d e n s i ty .  P lo t  #1 
has a low t r e e  co ver o f  about 1 4 / and a t r e e  d e n s i ty  o f  a p p ro x im a te ly  
73 trees /IO O m ^. Basal a re a  is  from  3 to  6 m ^ /h e c ta re  f o r  al 1 these  
p lo t s  e x c e p t # 1 7  which has 21 m ^ /h e c ta re , F. s c a b r e l I  a has r e l a t i v e l y  
high  c o ver  in a l l  f i v e  o f  th ese  p lo t s ,  ran g in g  from  25% to  42%. P lo t  
#4  is  th e  o n ly  one w i t h  any cover v a lu e  f o r  F, idahoensis  (4%). O th e r  
s p e c ie s  hav in g  co ver v a lu e s  w i t h  F. s c a b r e l1 a in most o f  th ese  p lo ts  
a re  Lupinus a rg e n te u s  and P o te n t i l i a  g rac  i l  i s .
P lo t s  #13  and #1 6  a re  a ls o  o rd in a te d  and c lu s te re d  f a i r l y  c lo se  
to g e th e r .  These two p lo t s  have r e l a t i v e l y  m oderate l i g h t  i n t e n s i t i e s  
a v e ra g in g  5540 and 5720 f t c . ,  r e s p e c t iv e ly .  They both have m o d e ra te ly  
h ig h  t r e e  co ver o f  about 60% and a h igh  t r e e  d e n s i ty  o f  120-127  
t r e e s / lO O m ^ ,  Many P. ponderosa s e e d l in g s  became e s ta b l is h e d  in th ese  
two p lo t s  about 6 - 8  y e a rs  ago. Most o f  them a re  now between 1 and 1 .5  
m ete rs  in h e ig h t .  P lo t  # 1 3  had z e ro  t r e e  basal a re a  and p lo t  #16  had 
o n ly  3 m ^ /h e c ta re  basal a re a ,  t h e r e f o r e  la r g e r  t r e e s  had l i t t l e  o r  no 
in f lu e n c e  on th ese  p lo t s .  F. s c a b r e l1 a had low cover in these p lo t s  
in d ic a t in g  t r e e  in v a s io n  r e s u l t s  in decreased co ver o f  t h i s  s p e c ie s .
F. id ah o en s is  r e t a in e d  r e l a t i v e l y  h ig h  cover in these  p lo ts  (8%-17%)
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i n d ic a t in g  t r e e  e s ta b l is h m e n t  may not immedi a te  I y a f f e c t  t h i s  s p e c ie s .  
The o n ly  o th e r  s p e c ie s  w i t h  a p e rc e n t cover in both th ese  p lo ts  is  
P o te n t i l i a  g la n d u lo s a .
P lo t s  # 5  and 10 formed a n o th e r  c lu s t e r  and o r d in a t io n  p a i r .  These 
two p l o t s  had average  l i g h t  i n t e n s i t i e s  o f  6210 and 4510 f t c . ,  
r e s p e c t iv e ly .  They had alm ost no t r e e  cover (1%), and low t r e e  
d e n s i t i e s  o f  7 and 27 trees /lO O m ^, r e s p e c t iv e ly .  These were small P. 
ponderosa s e e d l in g s .  Each o f  th e  p lo ts  was somewhat in f lu e n c e d  by 
la r g e r  t r e e s .  T re e  basal a re a  was 6 and 12 m ^ /h e c ta re , r e s p e c t iv e ly ,
F. s c a b r e l l a  had a f a i r  amount o f  cover in these  p lo ts  (13% and 25%, 
r e s p e c t i v e l y ) .  N e i t h e r  p l o t  had any p e rc e n t cover o f  F . idahoensis  
p o s s ib ly  because o f  th e  shade c a s t  by th e  la r g e r  t r e e s .  O th e r  sp ec ies  
w it h  co ver v a lu e s  in th ese  two p lo ts  had in common were F ra g a r  i a 
v i r g i n i a n a  and Lupinus a rg e n te u s .
P lo t s  # 8  and 9 formed a ve ry  c lo s e  c lu s t e r  and were near each  
o t h e r  in th e  o r d in a t io n .  They had q u i t e  d i f f e r e n t  l i g h t  i n t e n s i t i e s .  
P lo t  # 8  averaged 6720 f t c .  and p l o t  # 9  was o n ly  4000 f t c .  T h is  is  
p ro b a b ly  due to  a s l i g h t l y  h ig h e r  t r e e  basal a re a  in p lo t  # 9  (6  
m ^ /h e c ta re )  than in p l o t  # 8  (3 m ^ /h e c ta re )  r e s u l t in g  In more shading.  
Both p lo t s  had low t r e e  cover (1% in p lo t  # 9  and 7.5% in p lo t  # 8 ) .
T re e  d e n s i ty  was a ls o  low in both  p lo t s .  P lo t  # 9  had 27 trees/lO O m ^  
and p l o t  # 8  had 13 trees /lO O m ^. S eve ra l s p e c ie s  had s i m i l i a r  cover  
v a lu e s  in  both  p lo t s ,  in c lu d in g  F. s c a b r e l l a . F . i d a h o e n s Is . F.
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V i rg i  n i a n a . L. a rg e n te u s . and C en tau rea  m acu losa.
The dendrogram shows p l o t  #1 1 is  c lu s te r e d  to g e th e r  w i th  p lo ts  #8  
and 9 , however i t  is  o r d in a te d  a t  a f u r t h e r  d is ta n c e  from  these p lo ts ,  
e s p e c ia l l y  from  p l o t  # 9 .  The en v ironm enta l and t r e e  v a r ia b le s  f o r  t h i s  
p l o t  a re  v e ry  d i f f e r e n t  from  those o f  p lo t s  # 8  and 9. P lo t  #11 had 
v e ry  h ig h  t r e e  co ver (120%) and h igh  t r e e  d e n s i ty  (80 t r e e s / 1OOm^). i t  
a ls o  had h ig h e r  t r e e  basal a re a  (15 m ^ /h e c t a r e ) . Because o f  these  
f a c t o r s ,  th e  average  l i g h t  in t e n s i t y  was much lower (1730 f t c . ) .  The 
t r e e s  in t h i s  p l o t  were P. ponderosa t r e e s  ra n g in g  in age from  18 to  24 
y e a rs .  T h re e  o f  them had d ie d  r e c e n t ly ,  p ro b ab ly  from  a lack  o f  l i g h t .  
Most o f  them were 3 .5  to  6 m ete rs  in h e ig h t .  There  was ve ry  l i t t l e  
herbaceous v e g e ta t io n  co ver in t h i s  p l o t .  The o n ly  s p ec ies  i t  had in  
common w i t h  p lo t s  # 8  and 9 (based on cover v a lu e s ) was F . v i r g i n ia n a  
s u g g e s tin g  t h i s  s p e c ie s  is  t o l e r a n t  o f  a r e l a t i v e l y  w ide range o f  
h a b i t a t s .  A rc to s ta p h y I os uva- u rs i was th e  o n ly  o th e r  s p e c ie s  w ith  a 
co ver  v a lu e  in p l o t  # 1 1 . T h is  s p e c ie s  may re p re s e n t  a change in 
s p e c ie s  com p osition  r e s u l t i n g  from  a h ig h  amount o f  shading o c c u rr in g  
w it h  t r e e  e s ta b lis h m e n t in a fo rm e r g ra s s la n d . P lo t  #11 had no co ver  
o f  F . idahoens i s o r  F. s c a b re I I a in d ic a t in g  th ese  s p e c ie s  are  
i n t o le r a n t  o f  th e  c o n d it io n s  in t h i s  p l o t .
P lo t s  # 6  and 7 formed a n o th e r  c lo s e  p a i r  in th e  dendrogram and 
were o r d in a te d  c lo s e  to  each o th e r .  These p lo t s  had h ig h  t r e e  cover  
(81% and 82%, r e s p e c t i v e l y ) ,  and low l i g h t  in t e n s i t y  (1810 f t c .  and
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2940 f t c . ,  r e s p e c t i v e l y ) .  P lo t  #6  had a t r e e  d e n s i ty  o f  27 trees/IO O m ^  
and a t r e e  basal a re a  o f  3 m ^ /h e c ta re .  The t r e e s  in t h i s  p lo t  ranged  
in age from  17 to  25 y e a rs  and 2 .5  to  5 .5  m eters  in h e ig h t .  Three o f  
th e  t r e e s  were P. ponderosa and one was P. menz i e s i i . P lo t  # 7  had a 
t r e e  d e n s i ty  o f  13 trees /IO O m ^ and a t r e e  basal a rea  o f  9 m ^ /h e c ta re .  
T h is  p l o t  had two P. ponderosa t r e e s  in i t  t h a t  were a p p ro x im a te ly  24 
and 26 y e a rs  o ld ,  and 5 .5  and 6 m ete rs  in h e ig h t .  P lo ts  #6  and 7 had 
th r e e  s p e c ie s  w i t h  cover v a lu e s  in common. These sp ec ies  were  
BaIsamorh i za sagi t t a t a , F. v i r g i n i a n a , and L. a rg e n te u s . P lo t  # 7  had a 
low p e rc e n t  c o ver  o f  F. s c a b r e l1 a (4%). N e i th e r  p lo t  had any co ver o f  
F. id a h o e n s is . T h is  suggests  th a t  th ese  grass s p ec ies  decrease in 
amount o r  a re  lo s t  c o m p le te ly  under c o n d it io n s  o f  low l i g h t  and h igh  
t r e e  c o v e r , and a re  re p la c e d  w ith  more s h a d e - to le r a n t  s p e c ie s .
P lo t s  # 3  and 15 formed a somewhat d i s t a n t  c lu s t e r  p a i r  and were 
o r d in a te d  n e a r  each o th e r .  P lo t  #15  had a ve ry  h ig h  l i g h t  in t e n s i t y  
average (7360 f t c . ) .  T h is  was la r g e ly  due to  th e  absence o f  any 
s u b s t a n t ia l  in f lu e n c e  from  t r e e s .  T h is  p l o t  had z e ro  t r e e  cover and 
t r e e  d e n s i ty ,  and no t r e e  basal a re a .  P lo t  # 3  had an average l i g h t  
i n t e n s i t y  o f  5930 f t c .  T h is  p lo t  was somewhat shaded from  a 24% t r e e  
co ver and a h ig h  t r e e  d e n s i ty  o f  140 t r e e s / lO O m ^ .  These t re e s  ranged  
in age from  4 to  7 y e a rs  o ld  and were 0 .4 5  to  1 .6 0  m eters  in h e ig h t .
I t  a ls o  had a sm all t r e e  basal a re a  o f  3 m ^ /h e c ta re .  S evera l s p e c ie s  
had a co ver  v a lu e  in both th e s e  p lo t s .  F. s c a b r e l I  a and F . idaho ens is
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were p re s e n t  in  bo th  p lo t s  w i t h  13% and 8% c o ver , r e s p e c t iv e ly .  Both  
p l o t s  a ls o  had covers  o f  F. v i r g i n ia n a  and Geran i um vi s c o s Iss  imum.
O nly  p l o t  # 3  had co ver o f  Besseya r u b r a . Geum t r i f i o r u m . and Ç. 
m acu lo s a . P lo t  # 1 5  c o n ta in e d  cover o f  Antennar i a m ic ro p h y1 l a , and P. 
g lan d u I o s a .
P lo t  # 2  formed a c lu s t e r  w i th  p lo t s  # 3  and 15 and was n e ar th ese  
p lo t s  in  th e  o r d in a t io n .  The environm enta l and t r e e  c h a r a c t e r is t i c s  o f  
t h i s  p l o t  were more s i m i l i a r  to  those o f  p lo t  # 3 .  P lo t  # 2  had a lower  
average l i g h t  i n t e n s i t y  (4200 f t c . ) ,  p rob ab ly  due to  a s l i g h t l y  h ig h e r  
t r e e  basal a re a  o f  6 m ^ /h e c ta re .  The t r e e  co ver was 20% and t r e e  
d e n s i ty  was 113 t r e e s /1  OOm^. The t r e e s  ranged in h e ig h t  from  0 .6 0  to  
1 .7 0  m e te rs  and were 5 to  10 y e a rs  o ld .  P lo t  # 2  had no cover  
p e rc e n ta g e  f o r  e i t h e r  F. s c a b r e l I  a o r  F. i dahoens i s . T h is  could  be 
because o f  th e  reduced l i g h t  in t e n s i t y .  I t  d id  have some sp e c ie s  in  
common w i t h  p l o t s  # 3  a n d /o r  15, in c lu d in g  A. mi c ro p h y l i a . B. r u b r a , F. 
v i r g i n i a n a . G. v i scos i ss imum, and P. g IanduI o s a .
P lo t  #18  was somewhat near th ese  p lo t s  in th e  o r d in a t io n ,  however 
th e  dendrogram s e p a ra te d  i t  a t  a d is ta n c e  from  p lo ts  # 2 ,  3, and 15.
P lo t  # 1 8  has a r e l a t i v e l y  h ig h  t r e e  basal a re a  (45 m ^ /h e c t a r e ) .
Because o f  t h i s ,  th e  average l i g h t  in t e n s i t y  is  low (1190 f t c . ) .  There  
w ere, how ever, no t r e e s  a c t u a l l y  in th e  p l o t  so t r e e  cover and t r e e  
d e n s i ty  v a lu e s  were z e ro .  T h is  p lo t  was la r g e ly  composed o f  Poa 
p r a t e n s is  (38% ). The o n ly  o th e r  s p e c ie s  w ith  any p e rc e n t cover in t h i s
49
p l o t  was F. V i r g i ni ana (4X) .
P lo t  # 1 9  had no p e rc e n t  co ver o f  any herbaceous p la n t  s p e c ie s . For  
t h i s  reason , i t  was o rd in a te d  a t  a c o n s id e ra b le  d is ta n c e  from  a l l  o th e r  
p lo t s  and was n o t in c lu d ed  in th e  c lu s t e r  a n a ly s is .  The reason f o r  th e  
lacK o f  herbaceous p la n t  co ver in t h i s  p l o t  is  p rob ab ly  because o f  the  
e x t re m e ly low average l i g h t  in t e n s i t y  (160 f t c . ) .  T h is  was caused by 
a lm ost t o t a l  t r e e  co ver (99%) and a h ig h  t r e e  d e n s i ty  (107
t r e e s / 1OOm^). Most o f  th e  t r e e s  in t h i s  s i t e  had a small dbh,
t h e r e f o r e  th e  t r e e  basal a re a  was o n ly  6 m ^ /h e c ta re . T re e  sp ec ies  in 
t h i s  p l o t  in c lu d ed  both  P. ponderosa and P. menz i e s i i . H e ig h ts  o f  most 
t r e e s  ranged from  0 .3 5  t o  2 . 0  m ete rs , a lth o u g h  a few t r e e s  were t a l l e r .
The r e s u l t s  o f  th e  o r d in a t io n  and c lu s t e r  a n a ly s is  in d ic a te  t h a t  
th e r e  is  a s h i f t  in s p e c ie s  com position  w i th  t r e e  in vas io n , F. 
s c a b r e l I  a appears to  dec I i  ne in cover alm ost as soon as P. ponderosa  
s e e d l in g s  become e s ta b l is h e d ,  e s p e c ia l l y  i f  th ey  form  dense t h ic k e t s .
F. s c a b r e l I  a does seem to  be a b le  to  t o l e r a t e  a small amount o f  t r e e
basal a re a .  F. idahoens i s does no t appear to  be a f f e c t e d  as much w i th
i n i t i a l  s e e d l in g  e s ta b l is h m e n t ,  bu t does no t seem to  t o l e r a t e  as much 
shading as F . s c a b r e l l a . As th e  amount o f  th ese  sp ec ies  decreases w i th  
in c re a s in g  t r e e  c o v e r , o th e r  more s h a d e - to le r a n t  s p e c ie s  such as F. 
v i r g i n i a n a , A . u v a - u r s i , B . sagi t t a t a , L . a rg e n te u s , and P . p r a te n s is  
in c re a s e  in co ver. In s i t e s  where t r e e  cover nears  1(X)%, even th e  more 
s h a d e - t o le r a n t  s p e c ie s  do no t m a in ta in  them selves .
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When th e  species^ d e n s i ty  d a ta  were used to  c o n s tru c t  the  
o r d in a t io n  and c l u s t e r  a n a ly s is ,  many o f  th e  r e s u l t s  were s i m i l i a r .  
F ig u re  11 shows th e  o r d in a t io n  o f  th e  n in e te e n  p lo ts  based on s p e c ie s '  
d e n s i ty .  A x is  1 e x t r a c t e d  20% o f  th e  in fo rm a tio n  in th e  d a ta  m a t r ix  
and was most h ig h ly  c o r r e la t e d  w i th  K o e le r ia  c r  i s t a t a  ( r 2 = 0 .4 8 ,  
t a u = - 0 . 6 2 ) .  A x is  2 e x t r a c t e d  11% o f  th e  in fo rm a tio n  from  th e  da ta  
m a t r ix  and was most h ig h ly  c o r r e la t e d  w ith  L. a rgenteus  (rZ = o .5 6 ,  
t a u = - 0 . 5 2 ) .  A x is  3 (F ig .  12) was most h ig h ly  c o r r e la t e d  w ith  
P o te n t i l i a  g rac  i l  is  ( r 2 = 0 .5 2 ,  t a u = 0 .4 l )  and e x t r a c te d  10% o f  th e  d a ta  
m a tr ix  in fo rm a t io n .  The dendrogram produced us ing  s p e c ie s ' d e n s ity  
d a ta  is  shown in F ig .  13.
P lo t s  # 1 2  and 17 rem ained c lu s te r e d  to g e th e r  and were very  c lo s e  
to  each o t h e r  in th e  o r d in a t io n  in d ic a t in g  a h igh  degree o f  s i m i l i a r i t y  
between th e s e  two p lo t s .  They have alm ost equal average l i g h t  
i n t e n s i t i e s  o f  6220 and 6260 f t c . ,  r e s p e c t iv e ly .  T h is  a p p a re n t ly  
r e s u l t s  in v e ry  s i m i l i a r  v e g e t a t iv e  com positions between the  two s i t e s .  
P lo t  # 4 ,  which was grouped w i th  th ese  two p lo t s  when cover va lu e s  were  
used, rem ains c lo s e  to  them in th e  o r d in a t io n  us ing  d e n s ity  v a lu e s , but 
is  f a r t h e r  away in th e  dendrogram. P lo ts  #1 and 14, which were a ls o  
c lo s e  to  t h i s  group us ing  cover v a lu e s ,  a re  a ls o  more d is t a n t  to  th ese  
p lo t s  in th e  o r d in a t io n  and dendrogram when d e n s i ty  va lu e s  a re  used. 
These r e s u l t s  suggest t h a t  a lth o u g h  th ese  p lo ts  have s i m i l i a r  s p e c ie s  
composing th e  m a jo r i t y  o f  th e  herbaceous c o ver , when t o t a l  herbaceous
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c o m p os itio n  is  c o n s id e re d , th ese  p lo t s  a re  less  a l i k e .
P lo t s  # 6  and 7, and #13  and 16 rem ain as c lo s e  p a i r s  w hether cover  
o r  d e n s i ty  v a lu e s  o f  herbaceous s p e c ie s  a re  used, ag a in  in d ic a t in g  a 
h ig h  degree o f  s i m i l i a r i t y  between th ese  p lo ts .
P lo t s  # 5  and 10 which formed a p a i r  us ing cover va lu e s  a re  
s e p a ra te d  when d e n s i ty  v a lu e s  a re  used. P lo t  # 5  was p a ire d  very  
c lo s e ly  w i t h  p l o t  # 4  in th e  dendrogram. These p lo ts  have very  s i m i l i a r  
l i g h t  i n t e n s i t i e s  and in f lu e n c e s  from  t r e e s .  I t  is not s u r p r is in g ,  
t h e r e f o r e ,  t h a t  t h e i r  v e g e t a t iv e  com position  was a ls o  very  much a l i k e .  
P lo t  # 1 0  was t i e d  more c lo s e ly  to  p lo ts  # 6  and 7 when d e n s i ty  va lu e s  
were used. T h is  is  an in t e r e s t in g  p a i r  because o f  th e  seem ingly  
s i g n i f i c a n t  d i f f e r e n c e s  between th ese  two p lo ts  in t r e e  cover and l i g h t  
i n t e n s i t y .  P lo t s  # 6  and 7 had around 80% t r e e  co ver and average l i g h t  
i n t e n s i t i e s  o f  1810 and 8940 f t c . ,  r e s p e c t iv e ly .  P lo t  # 1 0  had alm ost  
no t r e e  cover (1%) and an average l i g h t  in t e n s i t y  o f  4510 f t c .  A l l  
th r e e  p l o t s  had s i m i l i a r  d e n s i t ie s  o f  F. s c a b r e l I  a (4 0 0 -5 0 0  
p la n ts /1 O 0 m 2 ),  put th e  co ver v a lu e s  were much d i f f e r e n t .  P lo t  #1 0  had 
85% c o v e r , bu t p lo t s  # 6  and 7 had o n ly  0% and 4% co ver, r e s p e c t iv e ly .  
T h is  suggests t h a t  th e  h ig h  t r e e  cover in p lo ts  # 5  and 7 is r e s u l t in g  
in  s m a l le r ,  les s  v ig o ro u s  F, s c a b r e l I  a p la n ts .
P lo t s  # 8  and 9 were c lu s te r e d  v e ry  c lo s e  to g e th e r  us ing cover  
v a lu e s .  D e n s ity  v a lu e s  r e s u l t e d  in a s e p a ra t io n  o f  these  two p lo t s .  
P lo t  # 8  was grouped w i t h  p l o t  #1 5  in th e  dendrogram, but was p laced
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somewhat d i s t a n t  to  p l o t  #15  in th e  o r d in a t io n .  These p lo ts  have 
s i m i l i a r  f e a t u r e s .  L ig h t  in t e n s i t y  is  h igh  in both, and t r e e  co ver,  
t r e e  d e n s i ty ,  and t r e e  basal a re a  a re  low in p l o t  #8  and ze ro  in p lo t  
# 1 5 .  Both have low to  m oderate  cover o f  F. s c a b r e l1 a and F. 
id a h o e n s is . P lo t  # 9  was p a ire d  a t  a d is ta n c e  w i th  p lo t  #1 in the  
dendrogram. P lo t  #1 has a h ig h e r  average l i g h t  in t e n s i t y  (5790 f t c . )  
than p l o t  # 9  (4000 f t c . )  which may account f o r  some d i f fe r e n c e s  in 
spec i es compos i t  i o n .
P lo t  #11 is  l in k e d  to  p lo ts  # 4  and 5 us ing d e n s i ty  v a lu e s , in s tea d  
o f  # 8  and 9 . The o r d in a t io n ,  however, shows about th e  same d is ta n c e  
between p l o t  #11 and both  o f  th ese  p a i r s  o f  p lo t s .  A comparison o f  th e  
l i g h t  i n t e n s i t y  and t r e e  f e a tu r e s  between p lo t  #11 and both p a i r s  o f  
p lo t s  shows s u b s t a n t ia l  d i f f e r e n c e s  between p lo t  #11 and these  p a i r s  o f  
p lo t s .  L ig h t  in t e n s i t y  is  s i g n i f i c a n t l y  lower and t r e e  cover is  much 
h ig h e r  in p l o t  #11 than i t  is  in any o f  th e  o th e r  fo u r  p lo t s .
P lo ts  #18  and 19 were p a ire d  in th e  dendrogram based on s p e c ie s '  
d e n s i ty .  They were a ls o  p lace d  f a i r l y  c lo s e  to  each o th e r  in th e  
o r d in a t io n .  Both p lo ts  had ve ry  low l i g h t  in t e n s i t y  (1190 and 160 
f t c . ,  r e s p e c t i v e l y ) .  The ty p e  o f  t r e e s  in f lu e n c in g  these  p lo ts  were  
d i f f e r e n t .  P lo t  #18  had no t r e e s  a c t u a l l y  in s id e  th e  p l o t ,  but was 
lo c a te d  w i t h i n  a m ature P. ponderosa f o r e s t  w i th  a basal a rea  o f  45 
m ^ /h e c ta re .  P lo t  #1 9  had 99% t r e e  c o ver , but o n ly  6 m ^ /h e c ta re  basal 
a re a .  T h is  p l o t  was lo c a te d  in a dense P. ponderosa/P .  menz i e s i i
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f o r e s t ,  bu t th e  t r e e s  were sapI ing to  p o le  s iz e .  The e f f e c t  on th e  
u n d e rs to ry  was e v id e n t ly  v e ry  much th e  same. S i m i l i a r  s p ec ies  between  
th e s e  two p lo t s  were F. v i r g i n i a n a . P. p ra te n s  i s . and F. s c a b r e l1 a .
None o f  th ese  s p e c ie s  had cover percentages  in p l o t  # 1 9 , su gg esting  low 
v ig o r .  N e i t h e r  p l o t  #18  or  # 1 9  had a cover v a lu e  f o r  F. s c a b r e l l a .
The F. s c a b r e l 1 a p la n t s  t h a t  were p re s e n t in th ese  p lo ts  may s im ply  be 
rem nants o f  p la n t s  which were once p a r t  o f  a F. s c a b r e l1 a g ra s s la n d  and 
a re  now b a r e ly  s u r v iv in g  in th e  t r e e  invaded community.
A lth oug h  th e r e  a re  some d i f f e r e n c e s  in th e  o rd in a t io n s  and 
dendrograms depending on w hether s p e c ie s ' cover o r  d e n s ity  va lu e s  a re  
used, th e r e  is  a genera l p a t t e r n .  U s u a l ly  p lo ts  w ith  s i m i l i a r  l i g h t  
i n t e n s i t i e s  and t r e e  in f lu e n c e s  a re  a s s o c ia te d  w ith  each o th e r .  T h is  
suggests t h a t  th ese  f a c t o r s  a re  im portan t in d e te rm in in g  s p e c ie s '  
c o m p o s it io n , and leads to  th e  co n c lu s io n  t h a t  th e  t r e e  in vas ion  in to
th e  g ra s s la n d  in th e  s tudy  a re a  has induced changes in s p ec ies
compos i t  ion.
TW1NSPAN A n a ly s is : The TWINSPAN a n a ly s is  produced us ing  herbaceous  
s p e c ie s ' co ver va lu e s  is  shown in F ig .  14. The v e r t i c a l  l in e s  s e p a ra te  
c la s s e s  o f  p lo t s  a t  a t  th e  f i n a l  le v e l  (Level 5 ) .  The h o r iz o n ta l  l in e s
s e p a ra te  c la s s e s  o f  s p e c ie s  a ls o  a t  th e  f i n a l  le v e l (Level 5 ) .  The
v a lu e s  in th e  t a b le  denote c a te g o r ie s  o f  abundance d e f in e d  by th e  
pseudospecies c u t  le v e ls .  S pec ies  toward th e  to p  o f  th e  t a b le  a re  more 
abundant in p lo t s  to  th e  l e f t .  S pec ies  toward th e  bottom are  more
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abundant in p lo t s  a t  th e  r i g h t  o f  th e  t a b le .  P lo ts  to  th e  l e f t  o f  th e  
t a b l e  a re  g e n e r a l ly  d r i e r  and have h ig h e r  average l i g h t  i n t e n s i t i e s ,  
whereas p lo t s  on th e  r i g h t  s id e  o f  th e  t a b le  a re  g e n e r a l ly  mo i s t e r  and 
s h a d ie r .
The p l o t s  lo c a te d  n e x t to  each o th e r  in th e  TWINSPAN a n a ly s is  a re  
alm ost id e n t ic a l  t o  th e  p lo t s  grouped to g e th e r  in th e  o r d in a t io n  and 
c l u s t e r  a n a ly s is .  T h is  t a b le  shows th a t  a change in s p e c ie s '  
co m p osition  occurs  as p lo t s  s h i f t  from  h ig h e r  l i g h t  i n t e n s i t i e s ,  and 
d r i e r  c o n d it io n s  to  more shady, m o is t c o n d it io n s .  Ç. m aculosa and P. 
g r a c i 1 i s occur in l i g h t ,  d ry  to  moderate s i t e s .  F . s c a b re l I  a has cover
in a lm ost a l l  th e  p lo t s  excep t #11 and # 1 8 ,  which both  have very  low
l i g h t  i n t e n s i t i e s .  P lo ts  w i th  th e  h ig h e s t  cover tend to  be d r i e r  and
have h ig h e r  l i g h t  i n t e n s i t i e s .  F. i dahoens i s is  found on ly  in th e  d ry ,
I ig h t  p l o t s  and in  some o f  th e  more m oderate p lo t s .  Th ere  were a few  
s p e c ie s  which o n ly  had a low co ver pe rc en tag e  in one o r  two p lo t s ,  and 
i t  is  t h e r e f o r e  d i f f i c u l t  to  make any d e f i n i t e  s ta te m e n ts  about those  
s p e c ie s .  S eve ra l s p e c ie s  such as A. mi c ro p h y l i a , P. g landuI o s a , B, 
sagi t t a t a , H ie ra c iu m  a lb e r t in u m . B. r u b r a , and G. v iscosi ssimum 
g e n e r a l ly  o c c u rre d  in in te r m e d i ta te  p lo t s ,  whereas L. a rg e n te u s , F . 
v i r g i n i a n a , and P. p r a t e n s is  were g e n e r a l ly  more abundant in the  
m o is te r ,  s h a d ie r  s i t e s .
The TWINSPAN a n a ly s is  (F ig .  15) done us ing herbaceous s p e c ie s '  
d e n s i ty  v a lu e s  gave s i m i l i a r  r e s u l t s .  The v e r t i c a l  and h o r iz o n ta l
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I in e s  s e p a ra te  c la s s e s  o f  p l o t s  and s p e c ie s  a t  th e  f i n a l  le v e l  
(Leve l 6 ) .  P lo t s  p la c e d  on th e  f a r  l e f t  and f a r  r i g h t  were much th e  
same as th e  ones lo c a te d  th e re  when s p e c ie s ' cover va lu e s  were used. 
T h ere  is  some r e - o r d e r in g  o f  th e  in te rm e d ia te  p lo t s .  The p lo ts  p laced  
on th e  l e f t  a re  a g a in  g e n e r a l ly  th e  d r i e r  p lo ts  w ith  h ig h e r  l i g h t  
i n t e n s i t i e s ,  whereas th e  ones on th e  r i g h t  a re  g e n e r a l ly  m o is te r  and 
s h a d ie r .  The s p e c ie s  found a t  th e  to p  o f  th e  t a b le ,  such as A re n a ri a 
c a p i 1 l a r i s , Ç. macuI o s a . Z i gadenus venenosus, Poa secunda, and Lomat i um 
cous, a re  p r i m a r i l y  found in d ry  p lo ts  w ith  h igh  l i g h t  in t e n s i t y  o r  in
in te rm e d ia te  s i t e s .  S pec ies  toward th e  m id d le  o f  th e  t a b le  seem to  be
a b le  to  adapt to  a v a r i e t y  o f  c o n d it io n s .  Both F . s c a b r e l1 a and F. 
i dahoens i s appear to  be in t h i s  c a te g o ry . T h is  t a b le  however r e f l e c t s  
o n ly  numbers o f  p la n t s  and does no t account f o r  changes in v ig o r .  When 
t h i s  t a b l e  is  compared to  th e  one produced us ing  s p e c ie s ' cover v a lu e s ,  
i t  can be seen t h a t  a lth o u g h  th e  numbers o f  th ese  s p ec ies  remain
r e l a t i v e l y  s t a b le ,  th e  cover va lu e s  a re  g e n e r a l ly  h ig h e s t  in th e  d r i e r
p lo t s  w i t h  h ig h e r  l i g h t  i n t e n s i t i e s .  T h is  d i f f e r e n c e  is  p rob ab ly  
accounted f o r  by changes in v i gor o f  these  spec ie s . As 1 ig h t  
d ecreas es , th e  p la n t s  become s m a l le r  and less  ro b u s t .  The sp ec ies  
toward th e  bottom  o f  th e  t a b le  re p re s e n t  p la n ts  which g e n e r a l ly  fa v o r  
m o is te r ,  s h a d ie r  s i t e s  o r  s i t e s  more in te r m e d i ta te .  These sp ec ies  
in c lu d e  P. p ra te n s  i s . Col 1 in s ia  parv i f 1 o r a . Penstemon w i 1 cox t i . A l l iu m  
cernuum. and F r a g a r ia  v e s c a .
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The TWINSPAN a n a ly s is  su pp o rts  th e  n u l l  h yp o th e s is  t h a t  s p e c ie s '  
co m p o sitio n  changes as t r e e s  become e s ta b l is h e d  in the  g ra s s la n d .
T re e s  w i l l  l o g i c a l l y  reduce th e  l i g h t  in t e n s i t y  o f  th e  s i t e  and t h is  
a n a ly s is  shows t h a t  as t h a t  happens, g ra s s la n d  s p e c ie s , such as F. 
s c a b r e l 1 a and F. id a h o e n s is . a re  re p la c e d  w ith  more s h a d e - to le r a n t  
s p e c ie s .  T h is  is  in  c o n tr a s t  to  th e  co nc lus io ns  reached by A rno ld  
(1950) in h is  s tu d y  o f  P. ponderosa/bunchgrass range in n o rth e rn  
A r iz o n a .  He s t a t e d ,  "Decines in fo ra g e  p ro d u c tio n  which r e s u l t  from  
th e  re e s ta b l is h m e n t  o f  p in e  stands a re  not a t te n d e d  by marked changes 
in  herbaceous c o m p o s it io n ."  He found t h a t  th e  s p ec ies  composing th e  
herbaceous co ver a l l  d e c l in e d  as a r e s u l t  o f  " t im b e r  dominance", but no 
d is c e rn a b le  change in com position  was measured. Im portant changes in 
p la n t  c o m p o s it io n , however, d id  r e s u l t  from  improper g ra z in g  p r a c t ic e s .  
I t  is  n o t l i k e l y  t h a t  t h i s  is  th e  cause o f  th e  com p ositiona l s h i f t  in  
th e  Mt. S e n t in e l  s tudy  a re a . As was d iscussed e a r l i e r ,  a minimal 
amount o f  g ra z in g  is  b e l ie v e d  to  have o ccurred  in th e  study a re a . I t  
is ,  t h e r e f o r e ,  th e  c o n c lu s io n  from  t h i s  re s e a rc h  t h a t  th e  s h i f t  in 
s p e c ie s '  com position  occurs as a r e s u l t  o f  t r e e  in vas io n .
C o r r e l a t i o n s : The purpose o f  th e  c o r r e la t io n s  is  to  t e s t  the  
h y p o th e s is  t h a t  t r e e  in vas ion s  in to  g ra s s la n d s  cause a s h i f t  in th e  
c o m p o s ition  o f  th e  g ra s s la n d . The measurement o f  d i f f e r e n t  v a r ia b le s  
a t  v a r io u s  t im es  fo l lo w in g  i n i t i a l  t r e e  e s ta b lis h m e n t and t h e i r  
c o r r e l a t i o n  w i t h  changes in s p e c ie s ' cover and d e n s i ty  w i l l  h e lp  to
57
d e te rm in e  what changes a re  ta k in g  p la c e  and a t  what t im e  a f t e r  i n i t i a l  
t r e e  g e rm in a t io n  th ey  a re  o c c u r r in g .
Most o f  th e  Spearman c o r r e l a t i o n  c o e f f i c i e n t s  were low. The 
s c a t t e r p l o t s  o f  th e  r e la t io n s h ip s  showed a s i g n i f i c a n t  amount o f  
" n o is e ” o r  v a r i a b i l i t y  and is  p ro b ab ly  th e  p r im ary  reason f o r  low 
c o r r e l a t i o n  v a lu e s  in many cases. One reason f o r  so much v a r i a b i l i t y  
is  t h a t  th e  c o r r e l a t i o n  is  o n ly  between a sp ec ies  and one v a r ia b le .  
Because s p e c ie s ' occurrence  and d e n s i ty  a re  dependent on many f a c t o r s ,  
t h i s  v a r i a b i l i t y  is  expec ted . L ig h t  in t e n s i t y ,  f o r  example, may be 
adequate f o r  a c e r t a in  s p e c ie s  in a p a r t i c u l a r  p lo t  but a n o th er  f a c t o r  
may be les s  than adequate . A nother cause f o r  some o f  t h i s  v a r i a b i l i t y  
is  th e  "s ad d le  topography" o f  th e  study s i t e .  T h is  r e s u l t s  in 
c o m p lic a t io n s  w i t h  s i t e  aspect and i t s  r e s u l t a n t  e f f e c t s .  V a r i a b i l i t y  
in c o r r e l a t i o n s  in v o lv in g  t r e e  cover and t r e e  d e n s i ty  is  a ls o  due, in 
p a r t ,  to  p lo t s  which had no t r e e s  a c t u a l l y  in s id e  th e  p lo t  but d id  have 
t r e e s  c lo s e  enough to  c a s t  shade and o th e rw is e  in f lu e n c e  th e  p l o t .
These p l o t s  would have ze ro  v a lu e s  f o r  t r e e  cover and d e n s i ty  Just as 
p lo t s  w i t h  no t r e e s  In o r  n e a r  th e  p l o t ,  even though these p lo ts  a re  
in f lu e n c e d  by t r e e s .  For th ese  cases, basal a re a  g e n e r a l ly  g iv e s  a 
more a c c u ra te  d e s c r ip t io n  o f  th e  p l o t  s i t e  because th e  su rround ing  
t r e e s  a re  u s u a l ly  la rg e  enough to  have a basal a rea . C o r r e la t io n s  w ith  
basal a re a ,  o f  co urse , d id  no t d i f f e r e n t i a t e  between p lo ts  which had 
many sm all t r e e s  but no basal a re a  and p lo ts  which had no t r e e s  and
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t h e r e f o r e  no basal a re a .  Because o f  th ese  reasons, no s in g le  
measurement o f  th e  amount o f  In f lu e n c e  by t r e e s  f o r  an In d iv id u a l  p lo t  
co u ld  be used f o r  a l l  p lo t s ,  and a com bination  o f  measurements had to  
be c o n s id e re d . A no ther reason f o r  low r^  v a lu e s  is  th a t  th e re  a re  o n ly  
n in e te e n  d a ta  p o in ts .  More d a ta  p o in ts  may have r e s u l te d  in h ig h e r  
c o r r e l a t i o n  c o e f f i c i e n t s  in some cases.
P e rc e n t s o i l  m o is tu re  c a lc u la te d  f o r  th e  sam pling p lo ts  d u r in g  the  
f i e l d  season re v e a le d  t h a t  some p lo ts  were g e n e r a l ly  m o is te r  than  
o th e rs ,  and some g e n e r a l ly  d r i e r .  T a b le  3 g iv e s  th e  p e rc e n t m o is tu re  
d e te rm in ed  f o r  each sample p l o t  on d i f f e r e n t  d a te s  d u r in g  th e  summer 
f i e l d  season. P lo t s  # 7 ,  17, 18, and perhaps 19 seem to  r o u t in e ly  be 
th e  most c o n s is t e n t ly  m o is t in th e  study a re a . P lo ts  # 1 ,  10, 13, 14, 
and 16 appear to  be d r i e r  than most o th e r  p lo ts  f o r  much o f  the  summer. 
T h e re  does no t seem to  be any p a t te r n  o f  s o i l  m o is tu re  r e l a t i n g  to  t r e e  
c o v e r ,  t r e e  d e n s i ty ,  basal a re a ,  o r  s lo p e  as p ec t. M o is t and dry  p lo ts  
have both h ig h  and low v a lu e s  f o r  th ese  v a r ia b le s  and occur on s i m i l i a r  
s lo p e  a s p e c ts .
T h re e  s p e c ie s  were chosen to  d iscu ss  in g r e a t e r  d e t a i l  because o f  
t h e i r  s p e c ia l  s ig n i f ic a n c e  to  th e  s tudy  a re a . The r e s u l t s  o f  th e  
c o r r e la t io n s  d id  show changes in s p e c ie s ' cover and d e n s i ty  w ith  t r e e  
e s ta b l is h m e n t .  The Spearman c o r r e la t io n  c o e f f i c i e n t  m a tr ic e s  a re  found  
in T a b le s  6 - 9 .
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Festuca  s c a b r e l I  a 
F e stu ca  s c a b r e l Ia  is  d iscussed  in d e t a i l  because o f  i t s  
predominance w i t h in  th e  study s i t e .  The g ra s s la n d  atop Mt. S e n t in e l  in  
which th e  in v a s io n  o f  t r e e s  is  o c c u r r in g  is  la r g e ly  composed o f  F. 
s c a b r e l l a , and th e  e f f e c t s  o f  th e  encroach in g  t r e e s  on t h i s  sp ec ies  is  
o f  h ig h  i n t e r e s t .  T h is  s p e c ie s  is  a ls o  an im portant fo ra g e  sp ec ies  to  
w i ld  and domest i c an im a ls  (S t ic k n e y  19 60), and th e  e f f e c t  o f  invad ing  
t r e e s  on F. sc a b re l 1 a is  t h e r e f o r e  im portant to  managers o f  w i ld  and 
dom estic  a n im a ls .
A ccord ing  to  S t ic k n e y ,  F . s c a b r e l I  a is  " g e n e ra l ly  a s s o c ia te d  w ith  
a m esic g ra s s la n d  e n v iro n m e n t."  He s t a t e s ,  " In  th e  southern  and more 
x e r ic  p a r t s  o f  i t s  range, rough fescu e  tends to  be c o n fin e d  to  th e  
c o o le r  and m o is te r  e x p o s u re s ."  B l in n  and Habeck (1967) s t a t e  th a t  F . 
s c a b r e l1 a is  "somewhat r e s t r i c t e d "  to  N, NE, and hW exposures. They 
a ls o  found however, t h a t  i t  can t o l e r a t e  d r i e r  exposures such as SW and 
SE. P f i s t e r  e t  a l . (1977) s t a t e  t h a t  F . scabre I I a is  found on s i t e s
t h a t  a re  " c o o le r ,  less  d ro u gh ty , o r  hav ing  b e t t e r  s o i l  development"  
th an  s i t e s  o f  p re d o m in a n tly  F. id a h o e n s is .
Env i ronm ental E f f e c t s : F. s c a b r e l I  a showed r e l a t i v e l y  h igh  
c o r r e l a t i o n  w i t h  l i g h t  in t e n s i t y .  Using cover va lu e s  f o r  F. s c a b r e l I  a . 
r g = 0 .7 0 ,  and us in g  d e n s i ty  v a lu e s ,  rg = 0 .4 9 .  T h is  s i g n i f i e s  t h a t  as 
l i g h t  in t e n s i t y  in c re a s e s , both  cover and d e n s i ty  o f  F . s c a b re l I  a 
g e n e r a l ly  in c re a s e .  The in vas io n  o f  t r e e s  would r e s u l t  in decreased
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l i g h t  and t h e r e f o r e  p o t e n t i a l l y  cause a decrease in th e  amount o f  F. 
s c a b r e l I  a on th e  s i t e .  The s c a t t e r p i o t  o f  F. s c a b r e l1 a cover versus  
l i g h t  in t e n s i t y  (F ig .  16) shows th a t  u n t i l  l i g h t  in t e n s i t y  reaches  
about 5000 f t c . ,  co ver  rem ains low. P ercen t cover reaches i t s  h ig h e s t  
v a lu e  (42%) a t  about 6200 f t c .  At l i g h t  in t e n s i t i e s  above 62CX) f t c . ,  
co ver may beg in  to  decrease . There  a re  no t enough d a ta  p o in ts  above 
6200 f t c .  to  make a d e f i n i t e  d e te rm in a t io n .
The s c a t t e r p i o t  o f  F. sc ab re I I a d e n s i ty  versus l i g h t  in t e n s i t y  
(F ig .  17) shows t h a t  d e n s i ty  rem ains low (0-4(X> p la n ts / lO O  m^) u n t i l  
about 4000 f t c .  P lo t s  w i th  th e  h ig h e s t  numbers o f  F. scabre l I a 
(600-1CX)0 pi ants/IOOm^) have between 4000 and 6200 f t c .  o f  l i g h t .  Once 
a g a in ,  th e r e  a re  no t enough d a ta  p o in ts  above 6200 f t c .  to  make a 
d e f i n i t e  d e te rm in a t io n  about h ig h e r  l i g h t  i n t e n s i t i e s .
F . s c a b r e l I  a seems to  occur in equal abundance and w ith  Just as 
much co ver in bo th  th e  m o is te r  and th e  d r i e r  p lo t s .  I t  does not appear  
to  be c o n f in e d  to  th e  m o is te r  s i t e s ,  as m ight be expected . i t  is  
p o s s ib le  t h a t  th e  s tudy  a re a  does no t g e n e r a l ly  reach c o n d it io n s  th a t  
a re  too  d ry  f o r  th e  s u r v iv a l  o f  F. s c a b re l i a .
T re e  E f f e c t s : Cover o f  F. s c a b r e l I  a had th e  h ig h e s t  c o r r e la t io n  
w it h  t r e e  c o v e r . T h is  was a n e g a t iv e  c o r r e la t io n  (rg = -O .6 0 )  showing 
t h a t  c o v e r  o f  F . s c a b r e l I  a g e n e r a l ly  decreases  as t r e e  cover in cre as es .  
The s c a t t e r p i o t  o f  F . sc abre I I a cover versus t r e e  cover (F ig .  18) shows 
t h a t  F. s c a b re I I a has th e  h ig h e s t  co ver (up to  42%) in p lo ts  w i th  no
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t r e e  c o v e r .  Cover o f  F. s c a b r e l I  a drops o f f  q u i t e  r a p id ly  as t r e e  
co ver in c re a s e s . A t 50% t r e e  cover, F. scabre I I a cover has decreased  
to  a p p ro x im a te ly  10% co ver.
D e n s ity  o f  F. s c a b r e l1 a had a s m a l le r  c o r r e la t io n  ( r g = -0 .3 2 )  w i th  
t r e e  c o v e r . The s c a t t e r p i o t  o f  t h i s  r e la t io n s h ip  (F ig .  19) shows th a t  
d e n s i ty  in  some p lo t s  rem ains r e l a t i v e l y  h igh  (8 0 0 -1 0 0 0  p la n ts / lO O  m^) 
u n t i l  a p p ro x im a te ly  75% t r e e  co ver. At t h a t  p o in t ,  d e n s i ty  drops to  
about 4<X> p la n ts / lO O  m^ and rem ains low.
D e n s ity  o f  F. s c a b r e l1 a showed th e  h ig h e s t  c o r r e la t io n  w i th  t r e e  
basal a re a  ( r Q = - 0 .4 1 ) ,  T h is  is  a ls o  a n e g a t iv e  c o r r e la t io n ,  showing 
t h a t  as basal a re a  in c re a s e s , d e n s i ty  o f  F. s c a b r e l la  g e n e r a l ly  
d e creas es . The s c a t t e r p i o t  o f  t h i s  r e l a t i o n s h i p  (F ig .  21) shows t h a t  
d e n s i ty  is  h ig h e s t  from  a p p ro x im a te ly  0 - 1 0  m ^ /h e c ta re  basal a rea . Some 
p l o t s  w i t h  3 -6  m ^ /h e c ta re  basal a re a  a c t u a l l y  had h ig h e r  d e n s i t ie s  o f  
F. s c a b r e l I  a than p lo t s  w i t h  O basal a re a .  T h is  in d ic a te s  t h a t  a small 
basal a re a  may a c t u a l l y  be b e n e f ic ia l  to  F. s c a b r e l1 a . At 10 
m ^ /h e c ta re ,  d e n s i ty  drops from  a h igh  o f  about 1000 p la n ts / lO O  m^ to  
about 400 p la n ts / lO O  m^. Between 10 and 21 m ^ /h e c ta re  basal a re a ,  
d e n s i ty  ranges from  100-600  p la n ts / lO O  m^. One p l o t  had a basal a re a  
above 21 m ^ /h e c ta re .  T h is  p l o t ,  w i t h  45 m ^ /h e c ta re  basal a re a , had a 
d e n s i ty  o f  o n ly  50 p la n ts / lO O  m^, in d ic a t in g  t h a t  h ig h  basal a reas  a re  
d e t r im e n ta l  t o  th e  grow th o f  F. s c a b r e l1 a .
Cover o f  F. s c a b r e l1 a had ve ry  l i t t l e  c o r r e la t io n  w i th  basal a re a
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( r g = - 0 . 1 1 ) .  The s c a t t e r p i o t  (F ig .  20) shows t h a t  from  0-21  m ^ /h e c ta re  
basal a re a ,  co ver was h ig h ly  v a r ia b le  w i th  both h igh  and low va lu e s  f o r  
p lo t s  w i t h  th e  same basal a re a .  The o n ly  p lo t  having a h ig h e r  basal 
a re a  (45 m ^ /h e c ta re )  had OX co ver o f  F. s c a b r e l i a . P lo ts  having th e  
h ig h e s t  c o v e r , as w i t h  d e n s i ty ,  had basal areas  o f  3 -6  m ^ /h e c ta re  
in d ic a t in g  ag a in  t h a t  some in f lu e n c e  from  t r e e s  may be b e n e f ic ia l  to  F. 
s c a b r e l I  a .
Cover o f  F. s c a b r e l la  d id  show some c o r r e la t io n  w ith  t r e e  d e n s i ty  
( r g = - 0 . 4 5 ) ,  s i g n i f y i n g  t h a t  as t r e e  d e n s i ty  in c re as es , cover o f  F. 
s c a b r e l I  a g e n e r a l ly  d e creas es . The s c a t t e r p i o t  (F ig .  22) shows t h a t  F. 
s c a b re I I a co ver reaches  i t s  h ig h e s t  p o in t  in p lo t s  w ith  no t r e e s .  At 
d e n s i t ie s  o f  8 0 -1 0 0  t r e e s /1 0 0  m^, co ver drops to  0 - 1 OX.
D e n s ity  o f  F. s c a b r e l I  a showed no c o r r e la t io n  w i th  t r e e  d e n s ity  
( r s = - 0 , 0 5 ) . The s c a t t e r p i o t  (F ig .  23) showed no d i s t i n c t  p a t te r n .  The 
f u l l  range o f  t r e e  d e n s i t ie s ,  from  0 -1 4 0  t r e e s /1 0 0  m^. had some cases  
where F . s c a b r e l1 a d e n s i ty  was ve ry  h ig h , and o th e rs  where d e n s i ty  was 
v e ry  low. T h is  d iscrep an c y  between cover and d e n s i ty  o f  F. scab re I I a 
in d ic a te s  t h a t  a t  h ig h e r  t r e e  d e n s i t i e s ,  d e n s i ty  o f  F. s c a b r e l I  a may 
rem ain h ig h ,  but th e  p la n ts  a re  much s m a l le r  and less  v ig o ro u s  and 
t h e r e f o r e  have low er p e rc en tag e s  o f  co ver.
G eneral Cone I usi on s; The c o r r e la t io n s  o f  F . scabre I I a w i th  th e  
v a r io u s  f a c t o r s  in d ic a te  t h a t  t r e e  in v a s io n , p red o m in a n tly  o f  P inus  
po nd erosa , g e n e r a l ly  r e s u l t s  in an i n i t i a l  decrease o f  both co ver and
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d e n s i ty  o f  F. s c a b r e l l a . A ccord ing  to  t h i s  s tu d y , F. s c a b r e l1 a 
g e n e r a l ly  f lo u r is h e s  in s i t e s  which have r e l a t i v e l y  h igh  l i g h t  
i n t e n s i t i e s ,  low t r e e  c o v e r , low t r e e  d e n s i ty ,  and p o s s ib ly  more mesic  
c o n d i t io n s .  S i t e s  w i t h  la rg e  numbers o f  P inus ponderosa s e e d l in g s  had 
th e  lowest p e rc e n t  co ver o f  F. s c a b r e l1 a . S i te s  r e t a in in g  h igh  
d e n s i t ie s  o f  F . s c a b r e l1 a in c o n ju n c t io n  w ith  h igh  t r e e  d e n s i t ie s  
presum ably had s m a l le r ,  less  v ig o ro u s  p la n ts  because o f  th e  low cover  
v a lu e s  rec o rd e d  f o r  F. s c a b re 11 a in those s i t e s .  A few la rg e  t r e e s  
p a r t i a l l y  in f lu e n c in g  th e  s i t e  may be b e n e f ic ia l  to  F. s c a b r e l1 a .
P lo ts  w i t h  low t r e e  basal a re a s , in s e v e ra l cases, had h ig h e r  cover and 
d e n s i ty  o f  F. s c a b r e l1 a than p lo ts  w i th  no basal a re a . T h is  is  
p ro b a b ly  due to  th e  s l i g h t  shading e f f e c t  and perhaps causes a 
b e n e f ic ia l  in c re a s e  in s o i l  m o is tu re  o r  reduced m o is tu re  s t re s s  v ia  a 
r e d u c t io n  in  é v a p o t r a n s p ir a t io n .  The Spearman c o r r e la t io n  c o e f f i c i e n t  
f o r  basal a re a  and l i g h t  in t e n s i t y  is  r g = - 0 .4 l  and f o r  basal a rea  and 
s o i l  m o is tu re  r g = 0 .4 8 .  These va lu e s  a re  no t very  h ig h , bu t show th e re  
is  some degree o f  c o r r e la t io n  a t  le a s t  in c e r t a in  cases. In C oo per's  
a r t i c l e  (1 9 6 0 ) ,  he quotes a phrase from  Rothrock (1878) who was 
d e s c r ib in g  "a dense g ras s  co ver in th e  p in e  zone o f  so uth ern  C o lo ra d o .” 
P a r t  o f  th e  q u o ta t io n  is : "P inus ponderosa formed open clumps, and 
under p r o t e c t io n  o f  th ese  t r e e s  i t  [b unch-grass] a t t a in e d  what seemed 
to  be i t s  maximum g r o w th .” T h is  s l i g h t  in cre as e  was, t h e r e fo r e ,  
e v id e n t ly  reco rd ed  by a t  le a s t  one o th e r  in d iv id u a l  in p a s t h is t o r y .
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T h e re  appears to  be a two-phased response f o r  th e  amount o f  F . 
s c a b r e l 1 a versus  d u ra t io n  o f  t r e e  e s ta b lis h m e n t .  In t h i s  s tudy s i t e ,
P. ponderosa s e e d l in g s  o f te n  become e s ta b l is h e d  in dense th ic k e t s .  The 
e s ta b l is h m e n t  o f  th e s e  t h ic k e t s  is  g e n e r a l ly  fo l lo w e d  by a d e c l in e  o f  
F. s c a b r e l I  a . As th e s e  c o n i f e r  s e e d l in g s  m ature and in d iv id u a ls  a re  
th in n e d  o u t ,  th e r e  appears to  be a t im e  when th ey  a re  s u f f i c i e n t l y  
spaced to  a c t u a l l y  be b e n e f ic ia l  to  F. s c a b r e l l a .
Festu ca  i dahoens i s 
F e stu ca  id ah o ens is  was chosen to  be d iscussed in d e t a i l  because o f  
i t s  prominence in th e  s tudy  a re a  g ra s s la n d  a long w ith  Festuca  
s c a b r e l1 a . F. i dahoens i s is  a ls o  an im portant fo ra g e  sp ec ies  f o r  w i ld  
and dom estic  an im a ls  (T is d a le  and H iron aka  1981) and i t s  response to  
t r e e  in v a s io n  is  t h e r e f o r e  a ls o  o f  in t e r e s t  to  managers o f  these  
an i ma I s .
F. id aho en s is  is  "m o d era te ly  drought r e s is t a n t "  acco rd in g  to  
T is d a le  and H iro n a k a . P f i s t e r  e t  a l .  (1977) found t h a t  F. Idahoensis  
occurs  on s i t e s  which a re  warm er, d r i e r  o r  have po o rer  s o i l  development 
th an  those  w i th  p re d o m in a n tly  F. s c a b r e l I  a . B l in n  and Habeck (1967)  
found t h a t  F. id ah o ens is  changes in abundance on upper and lower s lope  
p o s i t io n s  depending on m o is tu re  c o n d it io n s .  They s t a t e ,  "On th e  most 
m esic n o r th e rn  exposures, h ig h e r  fre q u en cy  va lu e s  [ f o r  F . idahoens i s ] 
a re  o b ta in e d  on th e  upper p o s i t io n s ,  whereas on th e  more x e r ic  south  
exposures , h ig h e r  fre q u e n c y  va lu e s  a re  re v e a le d  on th e  lower
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pos i t  i o n s ."
Envi ronm ental E f f e c t s : Cover and d e n s i ty  o f  Festuca IdahoensIs  
showed v e ry  low c o r r e l a t i o n  w i th  l i g h t  in t e n s i t y  ( rg = 0 .3 3  and 0 .3 2 ,  
r e s p e c t i v e l y ) .  The s c a t t e r p l o t s  o f  F. idahoensis  versus l ig h t  
i n t e n s i t y  (F ig s .  24 and 2 5 ) ,  though, do re v e a l a t re n d  in the  
r e l a t i o n s h i p .  Cover o f  F. i dahoens i s rem ains r e l a t i v e l y  low u n t i l  
l i g h t  in t e n s i t y  reaches  about 5540 f t c .  Cover is  h ig h e s t  (up to  17%) 
a t  t h i s  p o in t .  A t l i g h t  i n t e n s i t i e s  o f  5540 to  7400 f t c . ,  cover  
rem ains between 5% and 10% f o r  those p lo ts  having a p e rc e n t cover above 
z e ro .
D e n s ity  o f  F. id aho ens is  showed alm ost th e  same c o r r e la t io n  w ith  
l i g h t  in t e n s i t y  as cover showed. The s c a t t e r p lo t  o f  d e n s i ty  versus  
l i g h t  i n t e n s i t y  shows t h a t  d e n s i ty  is  a ls o  h ig h e s t  (21<X> piants /IO O m ^)  
between about 5540 and 6CXX) f t c .  D e n s ity  rem ains r e l a t i v e l y  h igh  u n t i l  
a p p ro x im a te ly  7400 f t c .  Th ere  were no p lo t s  w ith  l i g h t  i n t e n s i t i e s  
h ig h e r  than  74CKD f t c . ,  t h e r e f o r e  no f u r t h e r  co nc lu s io ns  can be made. 
Some p lo t s  between 2CKX) and 5540 f t c .  had d e n s i t ie s  between 050 and 
1500 p ian ts /IO O m ^, but th ese  p lo t s  a ls o  had ze ro  o r  ve ry  low cover  
s i g n i f y i n g  th e  p la n ts  in  those p lo t s  may have low v ig o r .
F. idahoens i s may show a p re fe re n c e  f o r  d r i e r  s i t e s .  I t  had cover  
v a lu e s  in two o f  th e  p lo t s  in d ic a te d  as be ing x e r ic ,  and no cover In 
any o f  th e  p lo t s  thought to  be genera l I y m o is te r .
T re e  E f f e c t s :  Both cover and d e n s i ty  o f  F. i dahoens i s had
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e s s e n t i a l l y  no c o r r e l a t i o n  w i th  t r e e  cover ( r g = 0 . 0 2  and 0 . 1 1 ,  
r e s p e c t i v e l y ) .  The s c a t t e r p l o t  o f  F. i dahoens i s cover versus t r e e  
co ver (F ig .  26) shows, however, t h a t  p lo ts  possessing any cover o f  F. 
idahoensi s have between 07. and 60% t r e e  co ver. The fo u r  p lo ts  having  
t r e e  co ver above 60% had no cover v a lu e  f o r  F. i dahoens i s .
The s c a t t e r p l o t  o f  F. idaho ens is  d e n s i ty  versus t r e e  cover  
( F i g . 27) shows d e n s i ty  may rem ain r e l a t i v e l y  h igh  (1 000 -21 00  p la n ts / lO O  
m^ in some p lo t s )  u n t i l  t r e e  cover reaches about 80%, There were o n ly  
two p l o t s  w i t h  t r e e  cover above 60%, but both o f  them had low d e n s i t ie s  
o f  F . i dahoens i s . T h is  may be a t r u e  d e c l in e ,  o r  s im ply  th e  r e s u l t  o f  
no t enough d a ta  a t  th e  h ig h e r  percentages  o f  t r e e  co ver.
Basal a re a  had a r e l a t i v e l y  h igh  n e g a t iv e  c o r r e la t io n  w ith  both  
cover and d e n s i ty  o f  F, i dahoens i s ( r g = -0 .7 3  and - 0 .7 7 ,  r e s p e c t iv e ly ) .  
T h is  s i g n i f i e s  co ver o f  F, i dahoens i s g e n e r a l ly  goes down as basal a rea  
goes up. The s c a t t e r p l o t  o f  F. id ahoens is  cover versus basal a rea  
(F ig .  28) shows cover is  h ig h e s t  (up to  17%) in p lo ts  w i th  no basal 
a re a  and d e c l in e s  r a p id ly  u n t i l  basal a re a  reaches a p p ro x im a te ly  10 
m ^ /h e c ta re .  A l l  p lo ts  w i th  a basal a re a  o f  10 m ^ /h e c ta re  o r  above had 
0% co ver o f  F . id a h o e n s is .
The s c a t t e r p l o t  o f  F. i dahoens i s d e n s i ty  versus basal area  
(F ig .  29) shows th e  h ig h e s t  d e n s i t ie s  (up to  21<X) p ia n ts /IO O n ^ ) a t  
v e ry  low basal a re a s  (0 -3  m ^ /h e c ta re ) .  A t h ig h e r  basal a rea s , a r a p id  
d e c l in e  in d e n s i ty  occurs . At about 20 m ^ /h e c ta re  basal a re a , d e n s i ty
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reaches  z e ro .
Cover and d e n s i ty  o f  F. idahoens is  had low c o r r e la t io n  w i th  t r e e  
d e n s i ty  ( r s = 0 .3 0  and 0 .2 8 ,  r e s p e c t iv e ly ) .  The s c a t t e r p lo t  o f  F. 
i dahoens i s co ver  versus  t r e e  d e n s i ty  (F ig .  30) shows t h a t  th e  p lo t  w i th  
th e  h ig h e s t  co ver (17%) has a ve ry  h ig h  t r e e  d e n s i ty  o f  a p p ro x im a te ly  
120 tree s /lO O m ^ , P lo ts  w i th  8% cover had from  O to  140 trees/lO O m ^, 
i n d ic a t in g  h igh  t r e e  d e n s i ty ,  which in t h i s  s tudy in vo lv es  p r im a r i l y  
s e e d l in g s ,  does no t cause a d e c l i ne in F. id a h o e n s is . There  were no 
p lo t s  w i t h  d e n s i t ie s  above 140 trees/lO O m ^.
The s c a t t e r p l o t  o f  F. id aho ens is  d e n s ity  versus t r e e  d e n s ity  
(F ig .  31) shows p lo t s  w i th  between O to  27 and 120 to  140 trees/lO O m ^  
had th e  h ig h e s t  d e n s i t ie s  o f  F. idaho ens is  (1 200 -21 00  p ia n ts / IO O m ^ ). 
P lo t s  w i t h  between 73 and 113 trees/lO O m ^ had d e n s i t ie s  o f  F . 
idahoens i s between 300 and 600 p iants /IO O m ^.
G eneral C o n c lu s io n s : C o r r e la t io n s  o f  F. idahoensis  w ith  the  
f a c t o r s  measured in  t h i s  s tudy  show t h a t  F, i dahoens i s is  usual I y not  
h ig h ly  impacted by th e  I n i t i a l  e s ta b lis h m e n t o f  P. ponderosa s e e d l in g s .  
As those s e e d l in g s  grow and m ature  however, th e r e  appears to  be a 
d ra m a t ic  d e c l in e  in F. id a h o e n s is . The l i g h t  in t e n s i t y  most fa v o r a b le  
f o r  grow th is  5500 to  a t  le a s t  7400 f t c .  Some p lo ts  having lower 1 ig h t  
i n t e n s i t i e s  r e t a in e d  r e l a t i v e l y  h igh  d e n s i t ie s  o f  F . idahoens i s . but 
th e  low co ver  v a lu e s  f o r  those p lo ts  s i g n i f y  low p la n t  v ig o r .  H ig h e r  
l i g h t  i n t e n s i t i e s  d id  no t occur in th e  p lo t s .  T h is  is  s l i g h t l y  h ig h e r
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th an  th e  o p tim a l l i g h t ,  in g e n e ra l ,  f o r  F. sc a b re l l a . F. i dahoens i s 
a ls o  may f a v o r  d r i e r  s i t e s ,  whereas F. s c a b r e l I  a showed no d e f i n i t e  
p r e fe r e n c e .
The d i r e c t  e f f e c t  o f  t r e e s  on F. i dahoens i s seems to  be d i f f e r e n t  
fro m  th e  e f f e c t  on F. s c a b re l i a . Cover and d e n s i ty  o f  F. i dahoens i s 
may rem ain  r e l a t i v e l y  h ig h  in areas  o f  t r e e  co ver up to  60% and t r e e  
d e n s i t i e s  up to  120 trees /lO O m ^. p. id a h o e n s is , however, f lo u r is h e s  in 
a re a s  w i t h  no t r e e  basal a re a .  Th ere  is  no in cre as e  in F. i dahoens i s . 
as th e r e  is  in F. s c a b r e l i a , w i th  sm all le v e ls  o f  basal a re a . T h is  
co u ld  be r e l a t e d  to  th e  ap paren t need f o r  more 1 ig h t o r  b e t t e r  growth  
in  a rea s  o f  low s o i l  m o is tu re .
C en tau rea  macu1 osa
C en tau re a  macu1 osa (" s p o t te d  knapweed") was chosen f o r  d e t a i l e d  
d is c u s s io n  because o f  th e  tremendous impact t h i s  s p ec ies  is  p r e s e n t ly  
h a v in g  in w es tern  Montana. I t  is  c u r r e n t ly  found in a l l  56 c o u n t ie s  o f  
Montana and has invaded an e s t im a te d  2 m i l l i o n  acres  (Bucher 19 84 ).  
P la n t  e c o lo g is t s ,  as w e l l  as ran c h ers  and w i l d l i f e  managers a re  
in te r e s t e d  in th e  f a c t o r s  a f f e c t i n g  knapweed because o f  i t s  p o te n t ia l  
e f f e c t  o f  d e c re a s in g  n a t iv e  g ra s s la n d  s p e c ie s  and ran g e la n d  fo ra g e .  
Bucher s t a t e d  t h a t  average fo ra g e  p ro d u c tio n  is  reduced by a t  le a s t  
63%, and may reac h  n e a r ly  100% in some areas  which a re  in fe s te d  w i th  
knapweed. "The c u r r e n t  annual fo ra g e  lo s s ,"  he s t a te d ,  " is  e s t im a te d  
a t  $ 4 .5  m i l l i o n . "
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A cc o rd ing  to  Loesensky (1 9 8 7 ) ,  "S p o tte d  knapweed is  found on a 
w id e rang e o f  s o i l s  w i t h  th e  d e n s i ty  o f  p la n ts  c o r r e la t e d  w ith  as p e c t,  
s o i l  ty p e  and degree  o f  s o i l  d is tu r b a n c e ."  He found th a t  knapweed 
fa v o r s  open h a b i t a t s  and was no t corrmon in shaded a re a s . He a ls o  found  
t h a t  knapweed was "v e ry  c o m p e t i t iv e  on d ry  s i t e s  because o f  i t s  e a r ly  
s p r  i ng g ro w th ."
Env i ronm ental E f f e c t s : Cover o f  Ç. macuI osa showed a smal 1 
p o s i t i v e  c o r r e l a t i o n  w i t h  l i g h t  in t e n s i t y  ( r s = 0 .2 3 ) .  The s c a t t e r p lo t  
(F ig .  3 2 ) ,  however, shows t h a t  th e r e  were o n ly  f i v e  p lo ts  which had a 
cover v a lu e  f o r  C. macuI o s a , and a l l  those p lo t s  had l i g h t  i n t e n s i t i e s  
between 4000 and 7400 f t c .  The p lo t  w i th  th e  h ig h e s t  cover (21%) 
averaged about 5800 f t c .
D e n s ity  o f  C. macuI osa had a s l i g h t l y  la r g e r  c o r r e la t io n  w ith  
l i g h t  in t e n s i t y  ( r g = 0 .4 5 ) .  T h is  in d ic a te s  t h a t  as l i g h t  in t e n s i t y  
in c re a s e s , d e n s i ty  o f  Ç. macuI osa g e n e r a l ly  in c re a s e s . The s c a t t e r p l o t  
(F ig .  33) shows t h a t  d e n s i ty  rem ains r e l a t i v e l y  low (0 -4 0 0  
p ian ts /IO O m ^) u n t i l  l i g h t  in t e n s i t y  reaches 4000 f t c .  D e n s ity  is  
h ig h e s t  (up to  5400 p ian ts /IO O m ^) in th e  same re g io n  as co ver was 
h ig h e s t ,  from  4 0 0 0 -7 4 0 0  f t c .  Th ere  is  o n ly  one d a ta  p o in t  above 7400  
f t c . ,  t h e r e f o r e  c o n c lu s io n s  about h ig h e r  l i g h t  i n t e n s i t i e s  cannot be 
made.
I t  is  d i f f i c u l t  to  make any s ta te m e n ts  about th e  e f f e c t  o f  s o i l  
m o is tu re  on Ç. m acu losa . i t  had a co ver v a lu e  in one o f  th e  p lo ts
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d e te rm in e d  to  be d r i e r ,  and no cover v a lu e  in any o f  th e  p lo ts  
in d ic a te d  as be in g  m o is te r .  T h is  may mean Ç. macu 1 osa fa v o rs  d r i e r  
s i t e s ,  bu t more d a ta  would be needed to  make a d e f i n i t e  s ta te m e n t.
T re e  E f f e c t s : Basal a re a  had a v e ry  low n e g a t iv e  c o r r e la t io n  w ith  
cover o f  Ç. macu 1 osa ( r s = - 0 . 2 0 ) .  The s c a t t e r p l o t  o f  basal a re a  versus  
cover (F ig .  34) shows however t h a t  th e  f i v e  p lo ts  which had a cover  
v a lu e  f o r  Ç. macu1 osa a l l  had v e ry  low basal a reas  o f  3 to  6 
m ^ /h e c ta re .  The two p lo t s  w i t h  no basal a re a  had no cover o f  Ç. 
m acu losa .
D e n s ity  o f  C. macuI osa had a c o r r e la t io n  o f  rQ = -0 .3 4  w i th  basal
a re a .  T h is  s c a t t e r p l o t  (F ig .  35) shows t h a t  d e n s i ty  is  a ls o  h ig h e s t  a t
v e ry  low basal a re a s  o f  3 t o  6 m ^ /h e c ta re .  The two p lo ts  w i th  no basal
a re a  had d e n s i t ie s  o f  O and 400 p ia n ts /1 0 0 m ^ . T h is  may mean a small
basal a re a  is  fa v o r a b le  f o r  C. macu1 o s a .
T h ere  was e s s e n t i a l l y  no c o r r e la t io n  between cover o f  C. macu1 osa 
and t r e e  co ver ( r g = - 0 . 0 7 ) .  The s c a t t e r p l o t  (F ig .  36) shows, however, 
t h a t  th e  f i v e  p l o t s  w i t h  a co ver v a lu e  f o r  Ç. macu1 osa a l l  have low 
t r e e  co ver  o f  0-24% . The p l o t  w i t h  th e  h ig h e s t  cover o f  Ç. macuI osa 
had 14% t r e e  c o v e r . A l l  p lo t s  w i th  t r e e  co ver h ig h e r  than 24% had no 
p e rc e n t  co ver o f  Ç. macu1 o s a .
D e n s ity  o f  C. macuI osa had a c o r r e la t io n  o f  r g = - 0 .2 7  w ith  t r e e  
c o v e r .  T h is  s c a t t e r p l o t  (F ig .  37) shows t h a t  th e  p lo t s  w i th  th e  
h ig h e s t  d e n s i ty  o f  Ç. maculosa a ls o  occur in th e  p lo ts  w i t h  th e  lowest
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t r e e  c o v e r .  In  p l o t s  w i t h  t r e e  co ver above 25%, both d e n s i ty  and cover  
o f  C. maculosa a re  v e ry  low o r  z e ro .  The p l o t  w i t h  th e  h ig h e s t  d e n s i ty  
had no t r e e  c o ver .
T re e  d e n s i ty  had e s s e n t i a l l y  no c o r r e la t io n  w ith  cover ( rg = 0 .1 0 )  
o r  d e n s i ty  (rg  = - 0 . 1 8 )  o f  Ç. macu 1 o s a . The s c a t t e r p l o t  o f  C. macu I osa 
cover versus  t r e e  d e n s i ty  (F ig .  30) shows t h a t  th e  p lo t  w i th  th e  
h ig h e s t  co ver  (21%) had a t r e e  d e n s i ty  o f  about 73 trees/lOCim^. o th e r  
p lo t s  w i t h  r e l a t i v e l y  m oderate cover (8%-13%) had less  than 50 
trees /IO O m ^. Th ere  was one p l o t  which had 4% cover and a t r e e  d e n s i ty  
o f  140 trees /lO O m ^. A l l  o th e r  p lo ts  w i th  more than 73 trees/lO O m ^ had 
no co ver o f  C, m acu losa .
The s c a t t e r p l o t  o f  C. macuI osa d e n s i ty  versus t r e e  d e n s ity  
(F ig .  39) shows t h a t  th e  p l o t  w i th  th e  h ig h e s t  d e n s i ty  o f  C. macuI osa 
(54(X> pi ants/1(X)m^) had a t r e e  d e n s i ty  o f  about 27 trees/lO O m ^. O th e r  
p l o t s  w i t h  r e l a t i v e l y  h igh  d e n s i t ie s  o f  Ç. maculosa (1 800 -28 00  
p ian ts /IO O m ^) had t r e e  d e n s i t ie s  o f  between O and 73 trees/IO O m ^. P lo ts  
w it h  t r e e  d e n s i t ie s  above 100 trees/lO O m ^ had no or  v e ry  low d e n s i t ie s  
o f  Ç. macuI o s a .
G eneral Cone 1 us i o n s : The responses o f  Ç. macuI osa to  changes in 
th e  d i f f e r e n t  v a r ia b le s  measured were v e ry  s i m i l i a r  to  th e  responses  
re c o rd e d  f o r  F. s c a b r e l I  a . Ç. macuI osa was found in s i t e s  o f  h igh  
l i g h t  i n t e n s i t y ,  and p o s s ib ly  showed a p re fe re n c e  f o r  d r i e r  s i t e s .
H igh t r e e  co ver r e s u l t e d  in reduced numbers o f  Ç. macuI o s a , but i t
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appears t o  t o l e r a t e  h ig h  t r e e  d e n s i t ie s .  I t  is  no t u n t i l  s i t e s  reach  
about 100 trees /lO O m ^ t h a t  C. m aculosa is  n o t ic e a b ly  m is s in g . T h is  
co u ld  be due to  th e  in to le ra n c e  o f  Ç. macuI osa to  h igh  le v e ls  o f  
sh ad ing . The t r e e  d e n s i ty  measurement in t h i s  s tudy is  m o stly  th e  
measurement o f  s e e d l in g s  which do n o t c a s t a lo t  o f  shade on th e  p lo t  
u n le s s  th e y  a re  p re s e n t  in v e ry  h ig h  numbers. There  a re  s i t e s  where 
th e r e  a re  a c t u a l l y  fe w e r  t r e e s  but th ey  a re  la r g e r  and t h e r e fo r e  ca s t  
more shade. The d e n s i ty  measurement cannot t h e r e fo r e  be read  as more 
t r e e s  equal le s s  l i g h t .  The Spearman c o r r e la t io n  c o e f f i c i e n t  f o r  t r e e  
d e n s i ty  and l i g h t  in t e n s i t y  is  rg=-0.44. T h is  means t h a t  in some 
cases , bu t n o t a l l ,  an In cre as e  in t r e e  d e n s i ty  means a decrease in 
I i g h t  i n ten s  i t y .
C. macu1 osa had a s i m i l i a r  response to  t r e e  basal a rea  as F. 
s c a b r e l i a . P lo t s  w i t h  v e ry  low basal a reas  a c t u a l l y  co n ta in e d  more C. 
macuI osa th an  p lo t s  w i t h  no basal a re a . S ince  th e re  were o n ly  two 
p l o t s  w i t h  ze ro  basal a re a , i t  cou ld  be a c o in c id e n ta l  r e s u l t .  I t  may 
a ls o  be however, t h a t  some b e n e f i t  is  g a in e d  by a small amount o f  
shading o r  i t s  e f f e c t s  on s o i l  m o is tu re  o r  o th e r  r e la t e d  f a c t o r s .
T o ta l  Herbaceous V e g e ta t i on
Spearman ran k  c o r r e la t io n s  done w i t h  t o t a l  herbaceous v e g e ta t io n  
c o ver  and en v iro n m e n ta l and t r e e  v a r ia b le s  showed l i t t l e  o r  no 
c o r r e l a t i o n  between any o f  them. The s c a t t e r p lo t s  d id  show some 
i n t e r e s t i n g  t re n d s ,  however.
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Env i ronm ental E f f e c t s : L ig h t  in t e n s i t y  and t o t a l  herbaceous  
v e g e ta t io n  had a c o r r e l a t i o n  o f  rg z O .E I .  The s c a t t e r p l o t  o f  t h i s  
r e l a t i o n s h i p  (F ig .  40) shows t h a t  th e  p lo t  w i th  e x tre m e ly  low l i g h t  
i n t e n s i t y ,  a p p ro x im a te ly  160 f t c . ,  d id  no t have enough herbaceous  
v e g e ta t io n  to  have a cover v a lu e .  P lo ts  w ith  10CX)-3000 f t c .  had 20-60%  
t o t a l  herbaceous c o v e r . The p lo t s  w i th  th e  h ig h e s t  cover o f  herbaceous  
v e g e ta t io n  (70-90% ) had 4<XX)-6500 f t c .  o f  l i g h t  in t e n s i t y .
S o i l  m o is tu re  showed no e f f e c t s  on th e  amount o f  herbaceous  
v e g e t a t io n .  P lo t s  de te rm ined  to  be d r i e r  had covers o f  herbaceous  
v e g e ta t io n  t h a t  were Just as h igh  as p lo ts  de term ined  to  be m o is te r .
T re e  E f f e c t s : T o ta l  herbaceous v e g e ta t io n  had no c o r r e la t io n  w ith  
t r e e  co ver  ( r g = - 0 . 1 8 ) .  The s c a t t e r p l o t  (F ig .  41) shows th e  p lo ts  w ith  
th e  h ig h e s t  co ver o f  herbaceous v e g e ta t io n  (75-90%) had t r e e  cover o f  
0-25% . P lo t s  w i t h  t r e e  cover o f  50-90% had herbaceous co ver o f  20-60%. 
T h e re  were two p lo t s  w i t h  t r e e  cover a t  o r  above lOO%. These p lo ts  had 
herbaceous co ver o f  0-20%.
T h ere  was no c o r r e l a t i o n  between t r e e  d e n s i ty  and t o t a l  herbaceous  
v e g e ta t io n  ( r ^ z O .O I ) .  The s c a t t e r p l o t  o f  t h i s  r e la t io n s h ip  (F ig ,  42) 
shows no d i s t i n c t  p a t t e r n .  There  a re  p lo t s  w i th  h igh  and low 
herbaceous c o ver  in p l o t s  w i t h  both  h ig h  and low t r e e  d e n s i ty .
Basal a re a  a ls o  had e s s e n t i a l l y  no c o r r e la t io n  w i th  t o t a l  
herbaceous v e g e ta t io n  cover ( r g = - o . l 3 ) .  The s c a t t e r p l o t  (F ig .  43) 
shows however t h a t  th e  p lo t s  w i th  lower basal a re a  (0 -8  m ^ /h e c ta re )
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have th e  h ig h e s t  p e rc e n t co ver o f  herbaceous v e g e ta t io n  (65 -90% ). P lo ts  
w it h  basal a re a s  o f  10 -45  m ^ /h e c ta re  had lower herbaceous covers o f  
20-60%.
G enera l Cone 1 us i ons: An ana ly s is  o f  th e  re  1 a t  i onshIps between 
t o t a l  v e g e ta t io n  and th e  v a r io u s  f a c t o r s  measured leads to  the  
c o n c lu s io n  t h a t  r e l a t i v e l y  h ig h  l i g h t  In t e n s i t y ,  low t r e e  cover and low 
t r e e  basal a re a  r e s u l t  in th e  h ig h e s t  amount o f  herbaceous v e g e ta t io n  
in th e  s tud y  a re a .  These v a r ia b le s  a re  r e la t e d  to  one an o th er in th a t  
in c re a s in g  t r e e  co ver and basal a re a  l o g i c a l l y  causes a genera l  
d ecrease  in l i g h t  in t e n s i t y .  T h is  means t h a t  t r e e  invas ion  in to  t h i s  
g ra s s la n d  w i l l  p ro b a b ly  r e s u l t  in lower t o t a l  herbaceous v e g e ta t io n  
c o v e r .
T h is  is  c o n s is te n t  w i t h  th e  f in d in g s  o f  s e v e ra l o th e r  s tu d ie s  
in c lu d in g  th ose  o f  G aines e t  a l .  (1 9 5 4 ) ,  Rase (1 9 5 6 ) ,  Read (1 9 5 1 ) ,  and 
A rn o ld  (1 9 5 0 ) ,  and Cooper (1 9 6 0 ) .  Gaines e t  a l .  found th a t  average  
herbage p ro d u c t io n  decreased r a p id ly  from  O to  40 sq. f t .  o f  basal area  
in P inus p a l u s t r i s  stands in so uthern  Alabama, and Read measured a 
d e c re a s in g  amount o f  herbage as th e  number o f  t r e e s  increased in th e  
Quercus woodlands o f  Arkansas. Pase reco rd ed  a lo g a r i th m ic  
r e l a t i o n s h i p  between t o t a l  herbage p ro d u c tio n  and p in e  crown canopy, 
basal a re a ,  and p in e  l i t t e r  in th e  B lack H i l l s  dominated by P. 
p o n d ero sa . He s t a t e d ,  "Com binations o f  h ig h  crown cover and h igh  basal 
a re a  were a lw ays a s s o c ia te d  w i th  low herbage y i e l d s . "  A rn o ld  a ls o
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found le s s  t o t a l  herbaceous cover as P, ponderosa canopy increased in 
f o r e s t s  o f  A r iz o n a .  Cooper c a lc u la t e d  a decrease o f  about 21 l b s . / a c r e  
in  fo ra g e  p ro d u c t io n  w i t h  e v e ry  IX in cre as e  in crown cover in SW P. 
ponderosa f o r e s t s .
S o i l  m o is tu re  and t r e e  d e n s i ty  d id  not seem to  m easureably a f f e c t  
th e  amount o f  herbaceous v e g e ta t io n  a t  t h i s  s i t e .  Because t r e e  d e n s i ty  
is  p r i m a r i l y  a measurement o f  s e e d l in g s  in t h i s  s tu dy , i t  is  l i k e l y  
t h a t  as th o se  t r e e s  m ature  th e  e f f e c t  w i l l  be th e  same as i t  was w ith  
h ig h  t r e e  co ver and h ig h  basal a re a . There is  a ls o  th e  c o m p lic a t io n  
p r e v io u s ly  m entioned t h a t  some s i t e s  a c t u a l l y  have lower t r e e  
d e n s i t i e s ,  bu t because th e  t r e e s  a re  la r g e r  th ey  c a s t  more shade. I t  
may n o t be ex pec ted  t h e r e f o r e  t h a t  as t r e e  d e n s i ty  in cre as es ,  
herbaceous v e g e ta t io n  decreases .
T o ta l  Grass Cover  
The t o t a l  g rass  cover v a r ia b le  in c lu d ed  t h a t  p a r t  o f  th e  t o t a l  
herbaceous co ver p e rc en tag e  t h a t  was composed o f  g rasses . There  was 
one p l o t  composed a lm ost e n t i r e l y  o f  Poa p r a t e n s is . o th e rw is e  th e  
grasses  in v o lv e d  were Fe s tu c a  s c a b r e I la  and Festuca  id a h o e n s is . I t  is  
g e n e r a l ly  known t h a t  P. p ra te n s  i s is  a more shade t o l e r a n t  sp ec ies  and 
f a v o r s  m o is te r  h a b i t a t s ,  t h e r e f o r e  when a n a ly z in g  th e  c o r r e la t io n s  i t  
is  sometimes necessary  to  e v a lu a te  F. s c a b re 1 I a and F, i dahoens i s 
s e p a r a t e ly  from  P. p ra te n s i  s .
Env i ronm ental E f f e c t s : Grass co ver had a c o r r e la t io n  o f  rg = 0 .4 3
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w it h  l i g h t  i n t e n s i t y .  I f  th e  p lo t  w i th  P. p r a te n s Is  is  exc luded from  
th e  c a l c u l a t i o n ,  th e  c o r r e la t io n  is  r a is e d  to  r g = 0 .6 7 .  T h is  means t h a t  
as l i g h t  in t e n s i t y  In c re a s e s , cover o f  grasses , e s p e c ia l l y  F. s c a b r e l I  a 
and F. i dahoens i s . g e n e r a l ly  in c re a s e s . The s c a t t e r p lo t  (F ig .  44) 
shows a d e f i n i t e  in c re a s e  in cover o f  grasses w ith  an in cre as e  in l i g h t  
i n t e n s i t y .  The h ig h e s t  grass  covers  a re  33-46% and occur ju s t  over  
60CK> f t c . ,  e x c lu d in g  th e  p l o t  composed o f  P. p ra te n s  i s . The p lo t  
c o n ta in in g  P. p r a t e n s is  averages o n ly  1200 f t c .  o f  l i g h t  in t e n s i t y .  
Cover o f  th e  o th e r  grasses  decreases to  12% a t  4000 f t c .  and to  0% a t  
about 2000 f t c .  and low er.
S o i l  m o is tu re  may a f f e c t  grass  co ver. Two o f  th e  m o is te r  p lo ts  
had no g ras s  c o v e r . One o f  them had h ig h  cover o f  P. p r a te n s is  and one 
had h igh  co ver o f  F. s c a b r e l I  a . A l l  but one o f  th e  d r i e r  p lo ts  had 25% 
g ras s  c o v e r .  The o th e r  one had 12%. T h is  may show t h a t  grasses  
g e n e r a l ly  f a v o r  d r i e r  s i t e s .
T re e  E f f e c t s : Grass co ver had a r e l a t i v e l y  h ig h  n e g a t iv e  
c o r r e l a t i o n  w i t h  t r e e  co ver ( r g = - 0 .7 T ) .  T h is  in d ic a te s  t h a t  as t r e e  
co ver in c re a s e s , g rass co ver g e n e r a l ly  decreases . The s c a t t e r p l o t  o f  
t h i s  r e l a t i o n s h i p  (F ig .  45) a ls o  shows a decrease in grass cover occurs  
as t r e e  co ver  in c re a s e s . The p lo t s  w i th  the  h ig h e s t  grass cover  
(33-46%) have no t r e e  c o ver . As t r e e  co ver increases  to  60%, grass  
c o v e r  rem ains between 20% and 25% a t  i t s  h ig h e s t  p o in ts .  Grass cover  
drops to  0-8% In p lo t s  w i th  t r e e  co ver h ig h e r  than 60%.
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T re e  d e n s i ty  had a c o r r e la t io n  o f  r g = - 0 .5 2  w i th  grass  cover. The 
s c a t t e r p l o t  (F ig .  46) shows t h a t  th e  p lo ts  w ith  th e  h ig h e s t grass  cover  
had no t r e e s  in them. P lo ts  w ith  a few t r e e s  do not show a h ig h e r  
co ver  o f  g rasses  th an  p lo ts  w i th  many t r e e s  (up to  140 t re e s / IO O m ^ ), 
however. Grass co ver  rem ains a t  le v e ls  o f  up to  25% in a l l  these  
p lo t s .
Grass co ver showed no c o r r e la t io n  w ith  basal a re a  o f  t r e e s  
( r s = 0 .0 4 ) .  The s c a t t e r p l o t  (F ig ,  47) shows t h a t  the  p lo t  c o n ta in in g  a 
h ig h  c o ver  o f  P. p r a t e n s is  has a t r e e  basal a rea  o f  45 m ^ /h e c ta re .
O th e r  p l o t s  have up to  21 m ^ /h e c ta re  basal a rea  and r e t a i n  r e l a t i v e l y  
h ig h  g ras s  co ver. The p l o t  w i th  th e  h ig h e s t  grass  cover (46%) however, 
has a basal a re a  o f  3 m ^ /h e c ta re .
General C o n c lu s io n s ; Grass co ver g e n e r a l ly  appears to  be h ig h e s t  
in s i t e s  w i t h  h ig h  l i g h t  in t e n s i t y  and no t r e e s .  L ig h t  in t e n s i t y  
l o g i c a l l y  is  les s  in s i t e s  w i t h  t r e e s ,  t h e r e f o r e  t r e e  e s ta b lis h m e n t in  
th e  g ra s s la n d  w i l l  g e n e r a l ly  r e s u l t  in decreased grass co ver. Th ere  
may be a s h i f t  in grass  s p e c ie s  in c e r t a in  cases. P. p ra te n s  i s is  more 
t o l e r a n t  to  shade and t h e r e f o r e  may in cre as e  i t s  cover in s h a d ie r  
s i t e s .  S i t e s  w i t h  any amount o f  t r e e  cover o r  t r e e  d e n s i ty  g e n e r a l ly  
have lower amounts o f  g ras ses . S inc e  these  two measurements genera l 1 y 
r e f e r  to  s e e d l in g s  o r  young t r e e s  in t h i s  s tud y , i t  can be concluded  
t h a t  th e  t r e e  in v a s io n  o c c u r r in g  w i t h in  t h i s  s tudy  s i t e  is  r e s u l t in g  in 
a d e c re a s e  in th e  grasses  making up th e  g ra s s la n d . Some s i t e s
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r e t a i n i n g  m oderate  grass  d e n s i ty  In a rea s  o f  h igh  t r e e  d e n s i ty  show low 
g ra s s  c o v e r .  In th ese  cases i t  is  p o s s ib le  t h a t  even though the  
g rasses  a r e  r e t a i n i n g  t h e i r  numbers, th ey  a re  lo s in g  v ig o r  and 
t h e r e f o r e  have le s s  co ver.
Basal a re a  d id  n o t show any obvious e f f e c t  on grass cover. The 
p l o t  w i t h  th e  h ig h e s t  grass  cover had a ve ry  low t r e e  basal a rea  (3  
m ^ /h e c ta re )  and may s i g n i f y  low basal a reas  a re  fa v o r a b le  to  these  
g ra s s e s . G aines e t  a l .  (1954) found a s i m i l i a r  increase  in t h e i r  study  
o f  P inus p a l u s t r i s  stands in so uth ern  Alabama. They n o t ic e d  a s l i g h t  
in c re a s e  in herbaceous p ro d u c tio n  a t  h ig h e r  basal a rea s . They 
suggested i t  co u ld  be due to  s i t e s  w i th  h ig h e r  basal a re a , but fe w er  
t r e e s  and t h e r e f o r e  more s id e  l i g h t .  There  were no p lo ts  in t h i s  s tudy  
a re a  w i t h  basal a re a  h ig h e r  than 21 m ^ /h e c ta re , except th e  one 
c o n ta in in g  P. p ra te n s  i s . I t  is  p o s s ib le ,  and p ro b ab le  based on th e  
l i g h t  in t e n s i t y  c o r r e l a t i o n ,  t h a t  h ig h e r  basal a rea s  r e s u l t i n g  in lower  
l i g h t  i n t e n s i t i e s  would have shown a decrease in grass cover i f  th ey  
had been measured.
T o ta l  Fo rb  Cover
The t o t a l  f o r b  co ver v a r ia b le  inc luded  t h a t  p a r t  o f  th e  t o t a l  
herbaceous cover pe rc en tag e  t h a t  was composed o f  fo rb s .  A comparison  
o f  th e  e f f e c t s  o f  t r e e  in v a s io n  on f o r b  cover and grass  cover was made 
to  d e te rm in e  w heth er th e re  were d i f f e r e n c e s  in th e  responses o f  these  
two g e n e ra l c a te g o r ie s  o f  p la n t s .
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E nvi ronm en ta1 E f f e c t s : Forb cover had no c o r r e la t io n  w ith  l i g h t  
i n t e n s i t y  ( r g = 0 .0 5 ) .  The s c a t t e r p l o t  (F ig .  48) shows t h a t  th e  p lo t  
w it h  th e  h ig h e s t  f o r b  cover (92%) averages about 4000 f t c .  o f  l i g h t  
i n t e n s i t y .  In  some p lo t s  w i t h  l i g h t  i n t e n s i t i e s  o f  2000-6000  f t c . ,  
f o r b  co ver is  up to  60%. At l i g h t  i n t e n s i t i e s  below 2000 f t c .  th e re  
appears to  be a d e f i n i t e  decrease in fo r b  cover s ig n i f y in g  2000 f t c .  
may be c lo s e  to  th e  l i g h t  compensation p o in t  f o r  many o f  th e  fo rb s  
p re s e n t in th e  s tu dy  a re a . There  a ls o  may be a decrease in fo r b  cover  
a t  l i g h t  i n t e n s i t i e s  above 6000 f t c . ,  a lth o ug h  th e re  a re  no t enough 
d a ta  p o in ts  above 6000 f t c .  to  make a d e f i n i t e  d e te rm in a t io n .
S o i l  m o is tu re  d id  no t seem to  a f f e c t  fo r b  co ver. Both dry  and 
m o is t p lo t s  had s i m i l i a r  co ver o f  fo rb s .
T re e  E f f e c t s  : None o f  th e  t r e e  measurements showed ve ry  h igh  
c o r r e l a t i o n  w i t h  fo r b  co ver. T re e  cover was rg = 0 .2 1 ,  t r e e  d e n s t iy  was 
r g = 0 .2 5 ,  and f o r  t r e e  basal a re a , r g = - 0 .1 7 .  The s c a t t e r p l o t  o f  fo r b  
c o ver  versus  t r e e  cover (F ig .  49) shows t h a t  some p lo ts  w ith  t r e e  cover  
o f  14-80% have 60-92% f o r b  co ver. P lo ts  w i t h  no t r e e  cover had up to  
54% f o r b  c o ver . Th ere  were o n ly  two p lo t s  w i th  t r e e  cover above 80%, 
and th e y  had 0% and 25% f o r b  cover s ig n i f y in g  t h a t  ve ry  high t r e e  co ver  
may r e s u l t  in low er fo r b  co ver. More d a ta  p o in ts  would g iv e  a b e t t e r  
in d ic a t io n  o f  t h a t .
The s c a t t e r p l o t  o f  t r e e  d e n s i ty  versus f o r b  cover (F ig .  50) shows 
no obvious p a t t e r n .  P lo ts  w i th  no t r e e s  had s l i g h t l y  lower fo r b  cover
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(up to  42%) th an  p lo t s  w i th  t r e e s .  The p lo t  w i th  the  h ig h e s t  fo r b  
c o ver  had a v e ry  h ig h  t r e e  d e n s i ty  (113 tre e s / lO O m ^ ). The s c a t t e r p lo t  
shows no d e c l I  ne in f o r b  cover even in th e  p lo t  w ith  th e  h ig h e s t  t r e e  
d e n s i ty  (140  t r e e s / 1OOm^).
The s c a t t e r p l o t  o f  fo r b  cover versus t r e e  basal a re a  (F ig .  51) 
shows f o r b  c o ver  is  s l i g h t l y  lower in  p lo t s  w i th  no basal a re a  (up to  
42%) than i t  is  in p lo t s  w ith  basal a re a  o f  3 -1 0  m ^ /h e c ta re  (60-92% ).
In p l o t s  w i t h  basal a reas  h ig h e r  than 10 m ^ /h e c ta re , fo rb s  show a 
d e c l i ne in  c o ver .
G eneral Gone I usi o n s : Forb  cover d id  not seem to  be as s e n s i t iv e  as 
grass  co ver  was to  any o f  th e  v a r ia b le s  measured. L ig h t  in t e n s i t y  d id  
n o t appear t o  a f f e c t  f o r b  co ver ex cep t where l i g h t  was ve ry  low ( le s s  
than 2000 f t c . ) .  T h is  im p lie s  t h a t  t r e e  in vas ion  in to  th e  g ras s la n d  
and i t s  r e s u l t i n g  shade would no t a f f e c t  fo r b  cover u n les s  l i g h t  was 
reduced to  v e ry  low le v e ls .  S ince  f o r b  cover does no t d i f f e r e n t i a t e  
between f o r b  s p e c ie s ,  i t  is  p o s s ib le  t h a t  in c re a s in g  shade does r e s u l t  
in d i f f e r e n t  f o r b  co m p osition . The grasses  composing th e  g ra s s la n d  in 
th e  s tu dy  a re a  a re  known to  fa v o r  h ig h e r  l i g h t  i n t e n s i t i e s ,  th e r e fo r e  
i t  is  ex p ec ted  t h a t  th ey  would be more s e n s i t iv e  to  lower l ig h t  
i n t e n s i t i e s .  A s i m i l i a r  r e s u l t  was reco rd ed  by Pase (1958) in h is  
s tu d y  o f  P. ponderosa stands in th e  B lack  H i l l s .  He found th a t  
"g ra sse s  showed th e  g r e a te s t  response in pounds p e r ac re  to  re d u c t io n  
in  crown c o v e r ."  Shrubs, he found, showed th e  le a s t  response, and
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fo rb s  were in te rm e d ia te .
T re e  co ver and t r e e  d e n s i ty  a ls o  d id  not seem to  s i g n i f i c a n t l y  
a f f e c t  f o r b  c o v e r . P lo ts  w i th  no t r e e s  had s l i g h t l y  lower fo r b  cover  
and t h i s  co u ld  be th e  r e s u l t  o f  h igh  c o m p e tit io n  from  grasses in those  
a re a s .  T h is  o b s e rv a t io n ,  however, leads to  th e  c o n c lu s io n  t h a t  i n i t i a l  
t r e e  e s ta b l is h m e n t  does no t cause a d e c l in e  and may even in crease  fo r b  
co ver to  a sm alI degree . As those t r e e s  m ature though, th e  
r e l a t i o n s h i p  o f  basal a re a  and fo r b  cover im p lie s  th a t  fo r b  cover may 
d e c re a s e .
Forb  c o ver  had a low c o r r e la t io n  w i th  grass cover ( r g = -0 .2 7 )
meaning t h a t  as f o r b  cover in c re as es , grass cover does not n e c e s s a r i ly
d e c re a s e . The s c a t t e r p l o t  (F ig .  52) shows t h a t  p lo ts  w i th  r e l a t i v e l y  
h ig h  grass  cover have g e n e r a l ly  lower cover o f  fo rb s .  The re v e rs e  is  
a ls o  t r u e  to  some degree , bu t does not appear to  be as c o n s is te n t .
Forb  cover had a h ig h  c o r r e la t io n  w ith  t o t a l  v e g e ta t io n  cover  
( r g = 0 .8 4 ) .  T h is  means t h a t  in cre as es  in t o t a l  v e g e ta t io n  cover u s u a l ly  
correspond to  in cre as es  in f o r b  co ver. The s c a t t e r p l o t  (F ig .  53) shows 
t h a t  p l o t s  w i t h  lower t o t a l  v e g e ta t io n  cover a ls o  g e n e r a l ly  have lower
f o r b  c o v e r . As t o t a l  v e g e ta t io n  in c re a s e s , fo r b  cover g e n e r a l ly
i n c re a s e s .
Grass co ver o n ly  had a low c o r r e la t io n  w i th  t o t a l  v e g e ta t io n  cover  
( r g = 0 .2 2 ) .  The s c a t t e r p l o t  (F ig .  54) shows no d i s t i n c t  p a t te r n .  Some 
p l o t s  w i t h  r e l a t i v e l y  h igh  grass  cover have o n ly  moderate le v e ls  o f
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t o t a l  v e g e ta t io n  c o v e r . T h is  could  be caused by c o m p e t it io n  between 
g rasses  and fo rb s  f o r  m o is tu re .  The grasses outcompete many o f  th e  
f o r b s ,  th u s  re d u c in g  t h e i r  t o t a l  c o ver . C o m p e tit io n  between grasses  
f o r  m o is tu re  is  a ls o  h ig h , caus ing  them to  be more s p a rs e ly  spaced 
t h e r e f o r e  a ls o  re d u c in g  t o t a l  v e g e ta t io n  cover.
Grass V i gor
Mean le a f  le n g th  and mean f lo w e r  s t a l k  le n g th  were an a lyzed  to  see 
i f  th e r e  was a c o r r e l a t i o n  between th ese  v a r ia b le s  and v ig o r  o f  
g ra s s e s . I f  th e r e  was, v ig o r  between d i f f e r e n t  p lo ts  could  be compared 
w it h  en v iron m e n ta l and t r e e  v a r ia b le s  to  de te rm in e  w hether t r e e  
in v a s io n  a f f e c t e d  g ras s  v ig o r .  Sunnmary s t a t i s t i c s  f o r  le a f  len g th  and 
f lo w e r  s t a l k  le n g th  o f  Festuca  s c a b r e l I  a and Festuca i dahoens i s a re  
found in T a b le  4 . Means a re  based on te n  o r  more p la n ts  when p o s s ib le .  
Some p lo t s  d id  n o t have te n  p la n ts  o f  a p a r t i c u l a r  s p ec ies  and means 
were then  based on as many p la n ts  o f  t h a t  s p e c ie s  as were p re s e n t in 
th e  p l o t .
Festu ca  s c a b r e l I  a : A Spearman c o r r e l a t i o n  c o e f f i c i e n t  o f  mean le a f  
le n g th  and F. s c a b r e l I  a cover was c a lc u la t e d  to  de term ine  i f  le a f  
le n g th  does correspond w i t h  v ig o r  o f  t h i s  s p ec ies  in th e  study s i t e .  
L e a f  le n g th  was found to  have a m oderate c o r r e la t io n  w i th  cover o f  F. 
s c a b r e l I  a ( r g = 0 .5 6 ) .  I f  l e a f  le n g th  is  a c t u a l l y  a r e l i a b l e  in d ic a to r  
o f  v ig o r ,  t h i s  c o r r e l a t i o n  should  be q u i t e  h ig h . The s c a t t e r p l o t  (F ig .  
55) shows t h a t  o n ly  a s l i g h t  in c re as e  in le a f  le n g th  occurs as F.
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s c a b r e l 1 a co ver  in c re a s e s . T h is  in cre as e  does no t appear to  be 
c o n s is te n t  o r  s u b s t a n t ia l  enough to  r e l y  on t h i s  measurement as an 
i n d ic a t o r  o f  th e  v ig o r  o f  F. s c a b r e ) 1 a . L e a f len g th  a ls o  showed low 
c o r r e l a t i o n  w i t h  l i g h t  in t e n s i t y  ( r g = 0 .2 7 ) ,  t r e e  cover ( r g = - 0 .2 9 ) ,  t r e e  
d e n s i ty  ( r g = - 0 . 2 8 ) ,  and t r e e  basal a re a  ( r g = 0 . 1 0 ) . T h is  is  f u r t h e r  
ev id e n ce  f o r  th e  q u e s t io n a b le  use o f  l e a f  len g th  as an in d ic a to r  f o r  
v ig o r  o f  F. s c a b r e l 1 a in t h i s  s tudy a re a .
A c o r r e l a t i o n  c o e f f i c i e n t  o f  mean f lo w e r  s t a l k  le n g th  and F. 
s c a b re 1 I a cover was a ls o  c a lc u la te d  to  d e term in e  i f  f lo w e r  s t a l k  len g th  
corresponded to  v ig o r  o f  F. s c a b re 11 a in th e  study a rea . The 
c o r r e l a t i o n  c o e f f i c i e n t  f o r  t h i s  r e la t io n s h ip  was a ls o  on ly  moderate  
( r g = 0 .5 4 ) .  A g a in , i f  f lo w e r  s t a l k  le n g th  d id  c o n s is te n t ly  correspond  
to  v ig o r  o f  F. s c a b r e 1 I a . t h i s  v a lu e  should have been h ig h e r .  The 
s c a t t e r p l o t  (F ig .  56) shows no c o n s is te n t  r e la t io n s h ip  between these  
v a r ia b le s .  Some p lo ts  w i th  h ig h  co ver o f  F . s c a b r e l I  a have lower mean 
f lo w e r  s t a l k  len g th s  than p lo t s  w i th  low cover o f  F . s c a b re l i a . F low er  
s t a l k  le n g th  a ls o  showed o n ly  low to  m oderate c o r r e la t io n  w ith  l i g h t  
i n t e n s i t y  ( r g = 0 .4 4 ) ,  t r e e  co ver ( r g = - 0 . 2 6 ) ,  t r e e  d e n s i ty  ( r g = - 0 .2 8 ) ,  
and t r e e  basal a re a  ( r g = - 0 . 4 0 ) .  T h is  f u r t h e r  s u b s ta n t ia te s  th e  idea  
t h a t  f lo w e r  s t a l k  le n g th  is  n o t a r e l i a b l e  in d ic a to r  f o r  the v ig o r  o f  
F. s c a b r e l I  a in t h i s  study a re a .  Because o f  th ese  r e s u l t s ,  no f u r t h e r  
a n a ly s is  o f  th e  e f f e c t  o f  t r e e  in vas io n  on th e  v ig o r  o f  F . s c a b re 11 a 
can be done us in g  l e a f  o r  f lo w e r  s t a l k  measurements.
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F e stu ca  i dahoens i s : A Spearman c o r r e la t io n  c o e f f ic e n t  o f  F.
Id a h o e n s Is  co ver and mean le a f  le n g th  showed no c o r r e la t io n  ( r g = 0 .0 6 ) .  
The s c a t t e r p l o t  (F ig .  57) shows t h a t  some o f  th e  p lo ts  w ith  no p ercen t  
co ver o f  F. id aho en s is  had th e  h ig h e s t  average le a f  le n g th s . T h is
g iv e s  s e r io u s  doubt to  th e  r e l i a b i l i t y  o f  l e a f  len g th  as an in d ic a to r
o f  v ig o r  f o r  F. id a h o e n s is . L e a f le n g th  a ls o  had no s i g n i f i c a n t  
c o r r e l a t i o n  w i t h  l i g h t  ( r g = -0 .1 8 )  o r  t r e e  basal a re a  ( r g = - 0 .0 6 ) .  T re e  
cover and t r e e  d e n s i ty  had low p o s i t i v e  c o r r e la t io n s  w ith  le a f  len g th  
( r s = 0 .5 2  and 0 .4 7 ,  r e s p e c t i v e l y ) .  T h is  in d ic a te s  th a t  in some cases, 
l e a f  le n g th  may a c t u a l l y  in c re as e  w i th  h ig h e r  t r e e  co ver and d e n s i ty .  
T h is  c o u ld  be th e  r e s u l t  o f  e t i o l a t i o n ,  o r  e lo n g a t io n  due to  low l i g h t  
i n t e n s i t y .  T h is  e v id e n ce  makes th e  use o f  le a f  len g th  as an in d ic a to r  
o f  th e  v ig o r  o f  F. id aho ens is  in th e  study a re a  ve ry  q u e s t io n a b le .
Mean f lo w e r  s t a l k  le n g th  was a ls o  c o r r e la t e d  w i th  cover o f  F, 
id ah o en s is  to  d e te rm in e  th e  r e l i a b i l i t y  o f  t h i s  f a c t o r  as an in d ic a to r  
o f  v ig o r  f o r  t h i s  s p e c ie s . A ve ry  low c o r r e la t io n  was found (rg=0.25) 
The s c a t t e r p l o t  (F ig .  58) r e v e a ls  t h a t  f lo w e r  s t a l k  len g th  is  e q u a l ly  
h ig h  o r  h ig h e r  in some p lo t s  w ith  no p e rc e n t cover as i t  is  in p lo ts  
w it h  a co ver  v a lu e  f o r  F. i dahoens i s . Very low c o r r e la t io n s  were a ls o
found w i t h  l i g h t  in t e n s i t y  (rg=-0.08), t r e e  cover (rg=0.27), t r e e
d e n s i ty  ( 0 . 3 1 ) ,  and t r e e  basal a rea  ( r s = - 0 . l 7 ) .  These r e s u l t s  lead  to  
th e  c o n c lu s io n  t h a t  f lo w e r  s t a l k  le n g th  is  no t a r e l i a b l e  in d ic a to r  o f  
th e  v ig o r  o f  F. i dahoens i s in t h i s  s tudy  a re a .
85
A comparison o f  th e  d ry  w e ig h t o f  these  grasses between p lo ts  
would p ro b a b ly  have g iv e n  th e  b e s t in d ic a t io n  o f  changes in v ig o r  
f o l lo w in g  t r e e  e s ta b l is h m e n t .  T h is  was no t p o s s ib le  f o r  t h i s  s tudy  
because o f  th e  d e s i r e  to  impact th e  sam pling p lo ts  as l i t t l e  as 
p o s s ib le  in case th e  p lo t s  were made permanent to  a l lo w  f o r  f u t u r e  
sampi ing and comparison. The ap paren t success w i th  th e  use o f  l e a f  and 
f lo w e r  s t a l k  le n g th s  as in d ic a to r s  o f  g rass v ig o r  in o th e r  s tu d ie s  
(T is d a le  and H iro n a k a  1981, S h o rt and Woo I f o l k  1956, Goebel and Cook 
1960, Hanson 1950, Weaver and Dari and 1947) may be because o f  the  
a s s o c ia t io n  th e  re s e a rc h  had w ith  v a r i a b i l i t y  in g ra z in g  p re s s u re . The 
method does n o t seem to  have proven success in s tu d ie s  in v o lv in g  o th e r  
v a r ia b le s  such as reduced l i g h t  c o n d it io n s .
Some o f  th e  c o r r e la t io n s  between th ese  grasses and o th e r  v a r ia b le s  
d iscu sse d  p r e v io u s ly  g iv e  an in d ic a t io n  t h a t  v ig o r  may decrease w ith  
t r e e  in v a s io n . D e n s ity  o f  F. s c a b r e l I  a rem ains h igh  in some p lo ts  w ith  
h ig h  t r e e  d e n s i ty ,  but co ver o f  F . s c ab re I I a is  low in some o f  those  
same p lo t s .  T h is  may in d ic a te  t h a t  in d iv id u a l  grasses in those p lo ts  
a re  s u r v iv in g ,  bu t a re  sm all in s i z e  and low in v ig o r .  F, idahoensis  
showed a s i m i l i a r  response w i t h  l i g h t  in t e n s i t y .  S evera l p lo ts  
m a in ta in e d  r e l a t i v e l y  h ig h  d e n s i t ie s  o f  F. idahoensis  in low o r  
m o d e ra te ly  low l i g h t  i n t e n s i t i e s ,  bu t co ver o f  F. i dahoens i s in some o f  
th o se  p l o t s  was v e ry  low o r  ze ro  s ig n i f y in g  p o s s ib le  low v ig o r .  L ig h t  
i n t e n s i t y  l o g i c a l l y  decreases  w i th  t r e e  in v a s io n , t h e r e f o r e  t h i s  r e s u l t
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may in d ic a t e  a decrease  in th e  v ig o r  o f  F. idahoensis  w ith  t r e e  
i nvas i on.
F o re s t  H is to r y
The purpose o f  th e  f o r e s t  h is t o r y  p l o t  was to  de term ine  i f  th e re  
were p e r io d s  in p a s t h is t o r y  when t r e e  e s ta b lis h m e n t was nrx>re 
pronounced, and w h eth er th ese  p e r io d s  cou ld  be c o r r e la t e d  w ith  
p r e c i p i t a t i o n  o r  f i r e  p a t te r n s .  Regression eq u atio n s  used to  d e term in e  
ages o f  t r e e s  w i t h in  th e  f o r e s t  h is t o r y  p lo t  a re  as fo l lo w s :
P inus ponderosa
AGE -  2 .6  + 4.2CHEIGHT) r ^  = 0 .8 8
AGE = - 2 . 3  + 5 .5(DBH) r^  = 0 .8 4
Pseudotsuga m e n z ie s i i
AGE = 3 .7  + 3 . 7 (HEIGHT) r^  = 0 .8 1
AGE = 1 4 .4  + 3.7(DBH) r^  = 0 .8 1
F ig u re  59 is  a map o f  th e  t r e e s  as th ey  were found in the  h is t o r y  
p l o t  in 1986 and t h e i r  ages in t h a t  y e a r .  F ig u re s  60 through 65 show 
th e  same p l o t  s i t e  as i t  is  b e l ie v e d  to  have appeared in p re v io u s  years  
o f  h i s t o r y .  T re e s  which germ in a ted  a f t e r  p a r t i c u l a r  years  have been 
exc lu d ed  from  th e  map. F ig u re  66 is  a graph o f  th e  number o f  t r e e s  
fro m  th e  h is t o r y  p l o t  which germ in a ted  in p a r t i c u l a r  years  in the  p a s t .  
The y e a rs  1978-1982  a l l  show r e l a t i v e l y  h igh  numbers o f  t r e e s  being  
e s t a b l is h e d .  T h ere  was an e s p e c ia l l y  h ig h  number t h a t  germ inated  in  
1980. T h e re  was a m oderate number o f  t r e e s  which became e s ta b l ished in
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1971, a ls o .  In  th e  ye ars  p r i o r  to  about 1965, t r e e  e s ta b lis h m e n t was 
g e n e r a l ly  q u i t e  low. T h is  graph does not in c lud e  th e  t r e e s  shown on 
th e  f o r e s t  h i s t o r y  p l o t  d iagram  which were a p p ro x im a te ly  93, 273, and 
285 y e a rs  o ld .
Some in t e r e s t in g  p a t te r n s  were observed when these ye ars  o f  
e s ta b l is h m e n t  were compared to  p r e c i p i t a t i o n  reco rd s  taken  a t  th e  
M is so u la  County A i r p o r t  (T a b le  1 ) .  In May, 1980, th e re  was an 
e x tre m e ly  h ig h  amount o f  p r e c i p i t a t i o n  reco rd ed  ( 7 . 3 8 " ) .  The average  
f o r  t h i s  month is  o n ly  1 .8 0 " .  P r e c i p i t a t i o n  in o th e r  months o f  1980
was c lo s e  to  th e  mean reco rd ed  f o r  those months. The annual
p r e c i p i t a t i o n  f o r  th e  e n t i r e  y e a r  o f  1980 was 1 9 .3 5 " ,  whereas the  
1ongterm  mean is  1 3 .7 8 " .
The h ig h  amount o f  p r e c i p i t a t i o n  re c e iv e d  in May, 1980, ve ry  
l i k e l y  c o n t r ib u te d  to  th e  su ccess fu l e s ta b lis h m e n t o f  so many t r e e s  in  
th a t  y e a r .  Pearson and Marsh (1935) d id  a s tudy o f  P. ponderosa in th e  
B la c k  H i l l s  and found t h a t  i f  p r e c i p i t a t i o n  was "co p io us", g e rm in a tio n  
was "prompt and v ig o ro u s ."  I f  p r e c i p i t a t i o n  was " d e f i c i e n t ,  o r  o f
s h o r t  d u r a t io n , "  few seeds germ in a ted  and th e  s e e d l in g s  t h a t  d id  appear
"a lm ost in v a r ia b ly "  d ie d  immediate 1 y . Pearson (1934) s ta te d ,  
"[Ponderosa  p in e )  needs a f a i r l y  s u s ta in e d  though not abundant m o is tu re  
su p p ly  d u r in g  th e  f i r s t  few ye a rs  o f  i t s  l i f e . "  In a s tudy p u b lis h e d  
by Pearson in 1942, he found t h a t  g e rm in a tio n  o f  P. ponderosa was 
g e n e r a l ly  " le s s  o f  a problem  than subsequent s u r v i v a l . "  He concluded,
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"The c r i t i c a l  f a c t o r  [ f o r  ponderosa p in e  s u r v iv a l ]  Is  no t so much 
s u r fa c e  m o is tu re  f o r  g e rm in a t io n  as m o is tu re  below th e  s u r fa c e ,  
r e q u ir e d  to  s u s ta in  l i f e  and growth a f t e r  g e rm in a t io n ."  He reasoned  
t h a t  grasses  and o th e r  herbaceous p la n ts  a re  a b le  to  use th e  m o is tu re  
in  th e  to p  9" o f  s o i l  " a t  th e  expense o f  young p ine  s e e d l in g s ."  Once 
th e  p in e  has s u rv iv e d  s e v e ra l years  however, i t s  ro o ts  may have 
extended below th e  re g io n  o f  dense grass ro o ts .  The p in e , he b e l ieves ,  
can th en  a ls o  d e ve lo p  "s tro n g  s u p e r f i c ia l  ro o ts  and g r a d u a l ly  g a ins  th e  
upper hand ."
N in e te e n -e ig h ty  was fo l lo w e d  by th re e  years  o f  t o t a l  above-average  
p r e c i p i t a t i o n .  I t  is  p o s s ib le  t h a t  t h i s  m o is tu re  a l lo w ed  th e  s e e d l in g s  
which g e rm in a ted  in 1980 to  have a h ig h  s u rv iv a l  r a t e  and p e rm it  
e s ta b l is h m e n t  o f  h ig h  numbers o f  new s e e d l in g s  in th ese  y e a rs . The 
m oderate  peak o f  t r e e  e s ta b l is h m e n t in 1971 may a ls o  be p a r t l y  due to  
adequate m o is tu re  a lth o u g h  th e  r e l a t i o n s h i p  is  less  obvious. In A p r i l  
o f  1971, more th an  an inch o f  p r e c i p i t a t i o n  over th e  average f o r  th a t  
month was re c o rd e d . A p r i I , however, was fo l lo w e d  by s e v e ra l months 
which were a t  o r  below average . The mean p r e c i p i t a t i o n  f o r  1971 
(1 3 .1 2 " )  was s l i g h t l y  below th e  re c o rd  annual mean ( 1 3 .7 8 " ) .  The th re e  
y e a rs  f o l lo w in g  1971 a l l  re c e iv e d  p r e c i p i t a t i o n  below average , a ls o .
T h ere  a re  o th e r  f a c t o r s  which c o n t r ib u te  to  th e  amount o f  t r e e  
s e e d l in g s  a b le  to  g e rm in a te  each y e a r .  One im portant f a c t o r  is  th e  
seed cro p  r e le a s e d  t h a t  y e a r .  A ccord ing to  Wang (1 9 7 7 ) ,  "Ponderosa
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p in e  seed p ro d u c t io n  Is  s p o rad ic .**  He s ta te d ,  **Good seed years  a re  few  
and f a r  b e tw ee n ."  Boe (1954) measured seed crops o f  ponderosa p ines  in 
w estern  Montana f o r  22 years  and recorded  one moderate o r  good crop and 
one to  s i x  poor crops d u r in g  t h a t  p e r io d , Pearson and Marsh (1935) 
s t a te d  t h a t  ponderosa p in e  re p ro d u c t io n  " is  dependent upon th e  
c o in c id e n c e  o f  seed crops and abundant, w e l l - d i s t r i b u t e d  p r e c i p i t a t i o n  
o v er  a t  le a s t  1, and p r e f e r a b ly  2 y e a r s ."  They s ta te d  f u r t h e r ,  "S ince  
both seed crops and r a i n f a l l  a re  more o r  less e r r a t i c ,  th e  elem ent o f  
chance governs to  a la rg e  e x t e n t . "  i t  is  p o s s ib le ,  t h e r e fo r e ,  t h a t  in 
y e a rs  when p r e c i p i t a t i o n  appears to  have been adequate , seed crops were  
low and t h a t  r e s u l t e d  in few s e e d l in g s  being e s ta b l is h e d .  According to  
R, S h e a re r  (p erson al communication) both 1980 and 1971 were years  o f  
bumper seed crops f o r  ponderosa p in e . Th a t ve ry  l i k e l y  c o n tr ib u te d  to  
th e  peaks o f  t r e e  e s ta b lis h m e n t recorded  d u rin g  those years  in th e  
f o r e s t  h i s t o r y  p l o t .  O th e r  f a c t o r s  a f f e c t i n g  th e  number o f  seeds which  
g e rm in a te  a re  in s e c ts ,  b i r d s ,  and sm all mammals such as m ice, 
chipmunks, and s q u i r r e l s  which damage o r  consume seeds (P ow ells  19 65).  
The co m b in a tio n  o f  a l l  th ese  f a c t o r s  r e s u l t s  in e p is o d ic  t r e e  
g e rm in a t io n  and s u r v iv a l .
A no ther f a c t o r  a l lo w in g  th e  t r e e s  to  become e s ta b l is h e d  and 
s u r v iv e  is  th e  lac k  o f  f i r e .  H abeck 's  1986 study o f  th e  f i r e  h is t o r y  
o f  th e  upper Mt. S e n t in e l  a re a  re v e a le d  f i r e  in t e r v a ls  o f  8 to  11 ye ars  
o c c u r r in g  in s i t e s  a d ja c e n t  to  t h i s  s tudy  a re a  in years  d a t in g  from  th e
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m id -1 700 ^s  to  th e  m id - 1900^s. The s h o r t  f i r e  in t e r v a ls  in th e  re g io n  
o f  th e  s tud y  a re a  a lm ost c e r t a i n l y  c o n tr ib u te d  to  th e  lack  o f  t r e e  
in v a s io n  d u r in g  p r e - f i r e  suppression  y e a rs . The most re c e n t  f i r e  
reco rd ed  in th e  re g io n  t h a t  may have a f f e c t e d  th e  study a re a  occurred  
in 1952. T h is  f i r e  was reco rd ed  on th e  n o r t h - f a c in g  s lo pe  ju s t  to  th e  
south  o f  th e  s tudy a re a .  T h is  f i r e  was not recorded in o th e r  re g io n s  
a n a ly z e d , and may t h e r e f o r e  have been a s m a ll ,  is o la te d  f i r e  which d id  
not a f f e c t  a la r g e  a re a .  The n e x t most re c e n t  f i r e  reco rd ed , occurred  
in  1946 and was i d e n t i f i e d  in th re e  o f  th e  fo u r  re g io n s  s tu d ie d . I t  is  
v e ry  1 i k e ly ,  t h e r e f o r e ,  t h a t  th e  a c tu a l study a re a  was a f f e c t e d  by t h is  
f i r e .
S in c e  t r e e  in v a s io n  was slow u n t i l  more re c e n t  y e a rs , i t  is  
p o s s ib le  t h a t  o th e r  f a c t o r s  p re v io u s ly  d iscu ssed , such as adequate s o i l
m o is tu re  and good seed crops, have no t c o in c id e d  u n t i l  r e c e n t ly .  I t  is
l i k e l y  t h a t  th e  lack  o f  f i r e ,  th e  presence o f  adequate p r e c i p i t a t i o n ,  
and f a v o r a b le  seed crops have taken  se v e ra l ye ars  to  co -o c c u r . Once 
th e s e  f a c t o r s  c o in c id e d , la rg e  numbers o f  t r e e  seeds germ inated  and 
s e e d l in g s  became e s ta b l is h e d .
G ra z in g  does no t appear to  have s i g n i f i c a n t l y  c o n tr ib u te d  to  th e  
t r e e  in v a s io n  o c c u r r in g  in th e  M t . S e n t in e l  s tudy a re a . As p re v io u s ly  
d is c u s s e d , g ra z in g  is  b e l ie v e d  to  be minimal by both domestic and w i ld  
a n im a ls .  Some tre s p a s s  g ra z in g  by horses may occur p e r i o d i c a l l y ,  and 
d e e r  do roam th e  a re a ,  but th e r e  is  no ev idence o f  c o n s is te n t  o r
f r e q u e n t  g ra z in g  in th e  s tudy  a re a .
CHAPTER IV 
SUMMARY
N in e te e n  sample p lo t s  were e s ta b l is h e d  in areas  o f  v a r io u s  phases 
o f  t r e e  in v a s io n  t o  d e te rm in e  how t r e e s  a f f e c t e d  the  com position and 
s t r u c t u r e  o f  a w es te rn  Montana g ra s s la n d . Measurements o f  herbaceous  
v e g e ta t io n  in c lu d ed  d e te rm in a t io n s  o f  p e rc e n t cover and d e n s i ty  o f  
s p e c ie s  w i t h in  each sample p l o t .  Measurements o f  t r e e s  included  
p e rc e n t c o v e r ,  d e n s i ty ,  and basal a re a . O th e r  f a c t o r s  measured f o r  
each p l o t  in c lu d ed  l i g h t  in t e n s i t y  and s o i l  m o is tu re .
O r d in a t io n s  and c lu s t e r  an a lyses  re v e a le d  t h a t  herbaceous sp ec ies  
co m p osition  is  changed by t r e e  e s ta b l is h m e n t.  Sample p lo ts  w ith  
s i m i l i a r  l i g h t  i n t e n s i t i e s  and t r e e  c h a r a c t e r is t i c s  were g e n e r a l ly  
grouped to g e th e r  in d ic a t in g  these  f a c t o r s  were im portant d e te rm in a n ts  
o f  th e  co m p o sition  o f  herbaceous v e g e ta t io n .  TWINSPAN ana lyses  showed 
a g r a d ie n t  o f  s p e c ie s  from  th e  p lo t s  w i th  h ig h e r  average l i g h t  
i n t e n s i t i e s  and lower s o i l  m o is tu re  to  those  w ith  lower average l i g h t  
i n t e n s i t i e s  and h ig h e r  s o i l  m o is tu re .
C o r r e la t io n s  o f  Fe s tu ca  s c a b r e l1 a w ith  v a r io u s  f a c t o r s  in d ic a te d  
t h a t  t h i s  s p e c ie s  has a two-phased response to  Pinus ponderosa  
in v a s io n . The i n i t i a l  e s ta b lis h m e n t o f  s e e d l in g s ,  e s p e c ia l ly  i f  they  
o ccur In dense t h ic k e t s ,  r e s u l te d  in a m easureable  d e c l in e  in F.
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s c a b r e l I a . As th e  t r e e s  m ature  and become th in n e d  o u t ,  F . scabre I I a 
may a c t u a l l y  b e n e f i t  from  a small amount o f  shade ca s t by a sparse P, 
ponderosa canopy.
F e s tu c a  i dahoens i s d is p la y e d  a s l i g h t l y  d i f f e r e n t  r e a c t io n  to  t r e e  
in v a s io n . I n i t i a l  t r e e  e s ta b l is h m e n t d id  not appear to  be as 
d e tr im e n ta l  to  F . idahoensts  as i t  was to  F. s c a b r e l l a . As the  t r e e s  
m atured , however, F. idaho ens is  d id  show a d e c l in e ,  w ith  no increase  
even as th e  t r e e s  th in n e d  o u t .
C en tau re a  macuI osa showed a s i m i l i a r  response to  t r e e  in vas ion  as 
F. s c a b r e l I  a . H igh t r e e  co ver r e s u l te d  in low le v e ls  o f  Ç. m aculosa.
I f ,  however, t r e e s  were s u f f i c i e n t l y  spaced to  ca s t a minimal amount o f  
shade, Ç. macuI osa seemed to  d is p la y  a s l i g h t  in c re a s e , as was th e  case 
w it h  F. s c a b r e l I  a .
The ge n era l response o f  t o t a l  herbaceous v e g e ta t io n  to  P. 
ponderosa in v a s io n  was a n e g a t iv e  one. R e l a t i v e l y  h igh l i g h t  
i n t e n s i t y ,  low t r e e  c o v e r , and low t r e e  basal a re a  r e s u l te d  in th e  
h ig h e s t  amount o f  herbaceous v e g e ta t io n .  T o ta l grass cover a ls o  
g e n e r a l ly  decreased w ith  t r e e  in v a s io n . Poa p ra te n s  i s was an e x c e p tio n  
in t h i s  case, w i t h  h ig h e r  amounts in s h a d ie r  s i t e s .  T o ta l  fo r b  cover  
d id  no t appear to  be as s e n s i t iv e  to  t r e e  in v a s io n , a lth o ug h  changes in 
f o r b  co m p osition  were noted  in th e  TWINSPAN a n a ly ses .
Measurements o f  F . s c a b r e l I  a and F . idahoens i s le a f  len g th  and 
f lo w e r  s t a l k  le n g th  taken  to  de te rm in e  w hether th e re  were changes in
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th e  v ig o r  o f  th e s e  s p e c ie s  w i th  t r e e  in v a s io n , showed no d e f i n i t e  
r e s u l t s .  Spearman rank  c o r r e la t io n s  o f  th ese  measurements w ith  o th e r  
v a r ia b le s  were g e n e r a l ly  ve ry  low in d ic a t in g  le a f  len g th  and f lo w e r  
s t a l k  le n g th  may no t be r e l i a b l e  in d ic a to r s  o f  v ig o r  in t h i s  s i t u a t i o n .
The f o r e s t  h i s t o r y  segment o f  th e  study showed a c o r r e la t io n  
between y e a rs  o f  abundant t r e e  e s ta b lis h m e n t and years  o f  above-average  
p r e c i p i t a t i o n .  Seed crops a re  a ls o  p rob ab ly  a s i g n i f i c a n t  f a c t o r  in 
d e te rm in in g  th e  number o f  t r e e s  which g erm ina te  in a g iven  y e a r .
Modern day f i r e  su pp ress io n  is  in vo lv ed  by a l lo w in g  th e  s e e d l in g s  to  
s u rv iv e  to  m a t u r i t y .  G ra z in g  does no t appear to  be c o n t r ib u t in g  to  th e  
in v a s io n  a t  t h i s  s i t e .
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APPENDIX
Table 1. Precipitation (inches) for 1956-1985 recorded at the Missoula County Airport (NOAA 1985).
YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEP OCT NOV DEC ANNUAL
1956 0 . 8 0 0 . 9 5 1 J ^ 2 . 4 6 0 . 6 6 2 . 8 7 1 . 96 1 . 00 0 . 4 9 1 . 35 0 . 4 6 0 . 9 9 l 4 . i r
1957 1 . 12 0 . 5 1 0 . 9 4 0 . 5 3 3 . 2 2 0 , 8 6 0 . 6 9 0 . 9 2 0 . 2 1 1 . 35 0 . 4 5 1 .41 12. 21
1958 0 . 5 2 1 . 14 0 . 4 1 1 . 42 1 . 27 4 . 1 9 1 . 67 0 . 6 7 1 . 1 5 1 . 35 1 . 78 1 .41 16 . 98
1959 2 . 0 8 1 . 14 0 . 6 2 0 . 8 8 2 . 4 3 1 . 69 0 . 1 3 0 . 9 3 3 . 1  1 1 .71 1 . 30 0 . 2 7 1 6 . 2 9
I 9 6 0 1 . 04 0 . 5 3 0 . 7 2 0 . 7 2 1 .41 0 . 5 3 0 . 1 3 1 . 69 0 . 3 7 0 . 6 7 1 . 09 0 . 9 7 9 . 8 7
1961 0 . 5 3 1 .01 1 . 39 1 . 52 2 . 5 8 0 . 3 5 0 . 4 0 0 . 8 9 1 . 53 1 . 34 1 . 38 1 . 1 8 1 4 . 1 0
1962 1 .21 1 . 3 2 0 . 6 6 0 . 7 2 1 . 88 1 . 49 0 . 4 0 0 . 5 9 0 . 9 0 1 . 35 0 . 6 1 0 . 8 6 1 1 . 99
1963 2 . 3 8 0 . 8 0 1 . 26 0 . 6 8 0 . 2 5 3 . 2 9 1. 11 1 . 29 1 . 54 0 . 6 2 0 . 6 1 1 . 06 14 89
1964 0 . 7 0 0 . 5 1 0 . 6 7 1 . 49 1 . 22 3 . 1 3 0 . 9 4 1 . 84 0 . 5 1 0 . 5 0 0 . 5 6 3 . 1 5 15 . 22
1965 1 . 46 0 . 6 2 0 . 6 7 1 . 68 0 . 6 3 1 . 55 1 . 59 2 . 2 4 2 . 1 1 0 . 1 7 1 . 05 0 . 4 3 1 4 , 2 0
1966 1 . 44 0 . 9 6 0 . 8 6 0 . 6 6 0 . 5 0 1 .81 0 . 7 1 1 .01 0 . 9 6 0 . 8 1 0 . 5 9 0 . 7 9 11 . 10
1967 1 . 22 0 . 2 7 1 . 09 0 . 9 3 1 . 33 2 . 6 7 0 . 4 0 T 0 . 4 9 1 . 64 0 . 6 5 1 . 71 12 . 40
1968 0 . 8 7 0 . 7 3 0 . 6 0 0 . 9 4 1 . 05 1 . 89 0 . 2 1 2 . 3 8 1 . 92 0 . 5 4 0 . 5 5 1 . 1 7 12 . 85
1969 2 . 9 4 0 . 5 2 0 . 7 2 0 . 6 4 1 .21 4 . 1 8 0 . 2 5 0 . 0 4 0 . 6 6 0 . 6 7 0 . 4 2 0 . 9 2 1 3 . 1 7
1970 2 . 8 7 0 . 3 4 1 . 06 1 . 07 1 . 75 2 . 8 4 1 . 68 0 . 0 8 0 . 4 8 1 . 00 0 . 9 7 0 . 9 4 15 . 0 8
1971 1 .81 0 . 5 6 0 . 7 8 2 . 0 9 1 . 35 1 . 74 0 . 5 3 0 . 9 1 0 . 3 0 0 . 2 4 1 . 18 1 . 63 13 . 12
1972 2 . 0 4 1 . 82 1 . 62 0 . 9 6 0 . 6 9 1 . 37 0 . 6 4 0 . 2 4 1 . 66 0 . 7 8 0 . 4 1 1 . 46 1 3 . 6 9
1973 0 . 4 4 0 . 1 7 0 . 2 3 0 . 3 3 0 . 5 4 1 , 57 0 . 0 9 0 . 3 1 0 . 6 0 0 60 2 . 5 1 1 . 62 9 . 01
1974 2 . 0 7 0 . 6 8 1 . 26 0 . 6 1 0 . 4 4 1 . 36 1 . 03 1 . 18 0.  70 0 . 2 5 0 . 5 0 0 . 6 8 10 . 7 6
1975 2 . 0 3 1 . 7 7 0 .  74 1 .01 1 . 35 2 . 0 2 1 .51 2 . 0 3 0 . 5 1 3. 51 1 . 15 0 . 8 5 1 8 . 4 8
1976 0 . 9 0 1 . 04 0 . 4 0 0 . 9 4 0 . 7 9 1 . 52 1 . 20 0 . 8 8 0 . 5 8 0 . 3 3 0 . 2 2 0 . 2 5 9 . 0 5
1977 0 . 6 6 0 . 1 8 0 . 9 8 0 . 0 8 2 . 1 3 0 . 6 6 0 . 7 2 1 . 28 1 . 67 0 . 7 2 1 . 02 2 . 8 8 1 2 . 9 8
1978 1 . 15 0 . 6 6 0 . 6 7 1 . 08 1 . 98 0 . 7 7 0 . 5 7 1. 11 1 . 78 0 . 0 1 1 . 00 0 . 9 9 11 . 77
1979 1 . 25 1 . 04 1 . 22 1 . 04 0 . 7 4 0 . 6 7 0 . 7 7 1 . 31 0 . 0 5 0 . 9 7 0 . 5 0 0 . 8 1 1 0 . 3 7
1980 1 . 80 0 . 6 0 0 . 8 8 0 . 9 6 7 . 3 8 2 . 0 4 1 . 58 0 . 6 2 0 . 7 7 0 . 7 5 0 . 6 3 1 . 34 19 . 35
1981 0 .  16 0 .  77 1 . 43 0.  74 4 . 1 9 2 . 7 0 1 . 07 1 .61 1 .01 0 . 6 2 1 . 07 1 . 98 1 7 . 3 5
1982 2 . 0 7 1 .31 1 . 52 1 . 34 2 . 0 3 1 . 83 0 . 9 4 0.  38 2 . 0 9 0 . 4 3 0 . 3 7 1 . 07 15.  38
1983 0 . 6 2 0 . 9 5 1 . 1 0 0 . 7 2 2 . 6 5 2 . 2 6 2 . 4 4 1 . 27 1 . 37 0 . 3 7 1 . 1 7 1 . 79 16, 71
1984 0 . 8 6 0 44 1 . 32 2 . 0 4 2 . 0 2 1 . 47 0 . 3 8 1 . 47 0 . 7 9 0 . 9 6 0 . 8 9 0 . 6 6 1 3 . 3 0
1985 0 . 1 9 0 . 7 0 0 . 4 4 0 . 5 5 1 . 57 0 38 0 . 0 9 3 . 2 9 3 . 6 0 0 . 8 0 0 . 5 1 0 . 3 8 1 2 . 5 0
Record
Mean 1 . 08 0 . 8 4 0 . 8 8 1 .01 1 . 60 1 . 96 0 . 9 2 0 . 9 0 1 . 20 1 .01 1 . 03 1 . 1 3 1 3 . 7 8
o
CO
Table 2. Mean temps, (deg. F) for 1956-1985 recorded at the Missoula County Airport (NOAA 1985),
YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEP OCT NOV DEC ANNUAL
1956 2 2 . 8 2 0 . 4 3 1 . 9 4 6 . 0 5 5 . 7 59 f 67 8 63 .  1 57 .4 4 4 . 6 3 0 . 7 3 0 . 0 44.  1
1957 1 0 . 5 2 6 . 2 3 5 . 6 44 . 8 5 8 . 8 60 3 67 .3 65 .  1 5 9 . 2 4 2 . 2 3 2 . 7 3 2 . 0 4 4 . 4
1956 2 6 . 8 3 3 . 3 3 6 . 2 4 3 . 7 6 0 . 5 61 .4 6 5 . 8 8 8 . 9 5 5 . 6 4 5 . 2 3 2 . 6 2 9 . 3 4 6 . 8
1959 26.  1 2 3 . 4 3 6 . 5 44 . 3 4 8 . 5 61 ,6 6 7 . 2 6 2 . 4 54 . 0 44 .8 2 6 . 4 2 6 . 6 4 3 . 5
1960 1 6 . 7 2 5 . 7 3 2 . 9 4 3 . 6 4 9 . 7 60 .  1 7 2 . 2 6 2 . 4 5 6 . 4 4 3 . 6 3 2 . 9 1 8 . 3 4 2 . 9
1961 21 . 6 3 4 . 2 37 . 0 4 2 . 2 51 . 1 6 4 , 7 6 9 . 3 7 0 . 3 4 9 . 9 41 . 1 27 .  1 21 .5 44 .2
1962 1 5 . 2 2 4 . 9 3 0 . 9 4 5 . 4 5 0 . 1 5 7 . 3 64 .  1 6 2 . 9 5 4 . 8 4 3 . 0 3 3 . 9 3 0 . 3 4 2 . 7
1963 8 . 7 31 . 2 3 8 . 7 44 . 0 5 3 . 6 5 9 . 1 64 .  1 66 .6 5 9 . 4 4 7 . 5 3 4 . 8 1 0 . 0 4 3 . 8
1964 21 . 9 2 2 . 6 28 . 5 42 .  1 4 8 . 9 57 .0 8 6 . 2 6 0 , 8 51 . 1 42 .  1 3 0 . 4 1 9 . 4 4 0 . 9
1965 2 4 . 6 2 4 . 8 2 5 . 6 44 . 7 4 8 . 9 5 7 . 2 6 5 . 0 6 4 . 1 4 7 . 8 4 7 . 0 3 6 . 4 27 .2 4 2 . 7
1966 2 6 . 3 2 6 . 5 3 5 . 3 4 3 . 7 55 .  1 5 8 . 1 69 .  1 6 6 . 8 6 2 . 9 44 . 0 3 4 . 0 2 9 . 5 45 9
1967 31 . 0 3 4 . 5 34 . 0 4 0 . 9 51 .4 6 0 . 3 7 0 . 0 71 .2 6 2 . 2 4 4 . 6 31 . 9 2 2 . 9 4 8 . 2
1968 20 . 2 3 2 . 4 41 . 7 42 . 1 5 2 . 6 5 9 . 8 6 9 . 8 6 4 . 2 5 4 . 7 4 2 . 0 3 3 . 7 21 .8 44 8
1969 17 9 2 0 . 7 2 9 . 0 4 6 . 5 5 4 . 3 58 .8 64 . 3 6 7 . 0 5 6 . 8 4 0 . 2 31 .8 26 . 0 42 8
1970 2 2 . 9 3 2 . 2 3 4 . 3 3 9 . 8 5 2 . 6 6 3 . 0 8 8 . 2 67 .  7 5 0 . 6 41 . 5 3 3 . 9 2 2 . 5 44 . 1
1971 2 6 . 3 3 2 . 2 3 5 . 5 44 . 8 54 .5 58 3 67 , 1 71 .5 51 . 9 4 2 . 2 33.  7 21 . 1 44 9
1972 20 6 28 .  1 4 0 . 8 4 2 . 6 5 4 . 2 8 2 . 0 64 .9 8 8 . 4 51 .4 4 2 . 5 3 3 . 6 1 9 . 3 4 3 . 9
1973 21 .5 3 0 . 9 39 . 0 43 .  1 5 3 . 2 8 0 . 0 8 9 . 6 67 .4 5 6 . 5 45 .  3 30 2 30.  3 4 5 . 6
1974 21 . 2 31 . 9 3 5 . 4 4 5 . 9 4 8 . 5 8 5 . 0 68 . 1 65 ,  1 5 7 .  1 4 6 . 3 34 . 7 27 .0 4 5 . 6
1975 2 2 . 7 2 2 . 4 33 . 0 3 9 . 3 4 9 . 2 5 5 . 4 7 1 . 8 82 .  1 58 .  1 4 3 . 6 3 0 . 4 25 .  7 4 2 . 7
1976 2 8 . 0 31 . 7 34 . 8 4 6 . 3 5 5 . 0 5 6 . 8 6 6 . 8 6 3 . 2 5 7 . 4 4 3 . 9 3 2 . 3 24 .4 45.  1
1977 1 8 . 6 31 . 9 34 . 2 4 6 . 9 5 0 . 3 6 3 . 4 6 5 . 8 6 7 . 8 5 4 . 6 44 . 2 31 . 3 24 .5 4 4 . 4
1978 24 . 2 27 . 3 3 9 . 8 46 .  1 48 3 5 9 . 6 65 .  3 8 3 . 5 55 .  1 4 5 . 3 26 .  7 1 5 . 9 43.  1
1979 5 . 6 2 5 . 5 3 5 . 9 43 . 9 5 2 . 2 6 2 . 3 6 9 . 2 89 .  1 61 .4 48 . 1 2 7 . 2 31 .2 4 4 . 3
1980 1 6 . 3 29 . 6 3 4 . 8 4 9 . 8 54 . 7 58 .8 6 5 . 5 81 .8 5 7 . 0 4 5 . 3 3 4 . 2 3 0 . 5 44 .8
1981 2 9 . 5 31 .4 4 0 . 0 46 .  7 5 3 . 4 57 5 6 5 . 0 89 .  4 5 6 . 7 41 . 7 3 2 . 7 24 . 0 45,  7
1982 21 . 2 2 2 . 7 38 . 3 41 . 6 51 . 0 6 3 . 0 8 4 . 8 66 0 5 6 . 2 4 5 . 0 2 9 . 0 22 .  7 4 3 . 5
1983 3 0 . 0 3 4 . 5 3 9 . 9 4 4 . 6 51 . 8 5 8 . 6 82 . 1 8 0 . 9 51 . 1 4 3 . 8 3 4 . 3 1 1 . 0 44 . 3
1984 2 5 . 4 32.  1 39.  7 43 .8 4 9 . 3 5 6 . 8 87 2 80 .4 5 2 . 8 4 2 . 5 33 . 9 2 0 .  1 44 . 3
1985 1 9 . 2 2 3 .  7 3 8 . 2 4 7 . 7 5 5 . 4 8 2 . 0 74 .8 8 2 . 2 5 0 . 5 4 0 . 3 21 . 7 1 4 . 7 4 2 . 4
Record
Mean 21 .8 2 7 . 6 3 5 . 5 44 . 8 5 2 . 6 5 9 , 8 6 7 . 7 6 8 . 0 5 6 . 0 4 5 . 0 3 2 . 7 24 . 7 4 4  . 5
Max 29.  7 3 6 . 5 4 6 . 0 5 7 . 4 6 6 . 2 74 . 1 84 ,9 83 .  1 71 . 0 5 7 . 5 4 1 . 0 31 . 0 5 6 . 6
M i n 1 3 . 9 1 8 . 8 25 .  1 32.  1 39.  1 4 5 . 5 5 0 . 4 4 8 . 9 41 . 0 3 2 . 4 24 , 4 1 7 . 8 3 2 . 5
o
Table 3. Environmental variab les measured fo r  the nineteen sample p lo ts .
lo t
#
Slope
(deg.)
Aspect
(deg.)
Avg. L ight In ten s ity  
( f t c . ) Jul 08
% Soil 
Aug05
Moisture
Aug23 SeptlO
1 15 214 5790 17.4 4.0 3.6 14.2
2 15 226 4200 25.0 5.7 4.5 16.1
3 15 222 5930 21.9 5.4 5.3 24.1
4 15 210 6180 19.5 5.4 5.8 22.6
5 12 204 6210 24.0 5.7 5.7 21.1
6 15 225 1810 20.7 5.4 5.5 15.6
7 10 220 2940 26.6 8.0 8.4 19.7
8 15 203 6720 25.2 5.4 5.3 19.3
9 10 210 4000 18.7 5.6 7.4 18.7
10 7 220 4510 17.3 5.9 5.1 15.6
11 12 174 1730 19.9 5.5 5.3 18.6
12 20 160 6220 25.2 5.3 6.4 15.7
13 25 186 5540 17.4 3.1 3.6 18.9
14 20 198 5970 13.1 3.9 2.9 16.3
15 27 182 7380 19.9 3.7 3.9 19.1
16 17 196 5720 13.9 3.8 4.1 17.0
17 15 208 6260 6.9 6.3 23.5
18 15 208 1190 9.6 6.9 23.6
19 10 280 160 23.3 otn
Table 4. Summary s ta t is t ic s  fo r  mean le a f length (MLL) and mean flower s ta lk  length (MFL) o f £. scabrella 
and £. idahoensis. N = no. o f plants the mean is  based on; S = standard deviation
Plot £. scabrella F. idahoensis
# MLL (tn) JL S MFL (m) N _S_ MLL (m) JL _S_ MFL (m) JL 5
1 .43 10 .08 .81 5 .02 .19 10 .04 .45 8 .01
2 .53 5 .04 — — — ̂  — .19 8 .03 .44 5 .01
3 .47 10 .08 .82 5 .02 .17 15 .03 .55 9 .01
4 .57 10 .10 .92 10 .04 .16 5 .04 .50 3 .00
5 .40 10 .08 .87 10 .01 .19 10 .04 .43 9 .02
6 .53 8 ,05 .86 6 .01 .18 15 .04 .54 6 .00
7 .54 8 .09 1.04 4 .04 .26 6 .09 .56 3 .00
8 .29 6 .02 .84 2 .00 .13 19 .04 .43 11 .02
9 .41 10 .05 .73 10 .04 .15 12 .03 .46 5 .04
10 .64 10 .06 .89 8 .00 .19 10 .02 .58 8 .01
11 .34 3 .02 ——— — — .25 5 .08 .57 3 .05
12 .50 10 ,11 .88 7 ,01 .17 6 .04 .57 4 .00
13 .41 10 .07 .95 3 ,07 .20 21 .06 .54 18 .01
14 .52 10 .09 1.06 10 .04 .15 21 .04 .44 17 .01
15 .42 10 .09 .89 8 .03 .17 18 .04 .51 11 .01
16 .39 10 .06 .93 7 .03 .20 17 .05 .55 11 .01
17 .59 10 .07 .89 9 .02 - — —— - — — —— —
18 — — — — — — — — — — - — — - — — —- — — —— - - —
19 .34 4 .04 — — — - - * — — - —— - — ——— ——— — —
oCTi
Table 5, Species l i s t *  (Follows Hitchcock and Cronquist 1973).
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S p e c i  es Code
A c h i l l e a  m i l l e f o l i u m  L. ACMI
A q o s e r l s  q l a u c a  ( P u r s h )  R a f . AGGL
A a r o p v r o n  s p i c a t u m  ( P u r s h )  S c r i b n .  & Smi t h AGSP
A l l i u m  cer nuum Rot h ALCE
A n t e n n a r i a  a n a p h a l o i des Rvdb . ANAN
A n t e n n a r i a  m i c r o p h y l l a  Rvdb. ANMI
A r c t o s t a p h v l 05 u v a - u r s i  ( L . ) S p r e n g . ARUV
A r e n a r i a  c a p i l l a r i s  P o i r . ARCA
A r n i c a  s o r o r i a  Gr e e n e ARCG
A r t e m i s i a  l u d o v i c i a n a  N u t t . ARLU
Ba 1 5 a m o r h i 2 a s a q i t t a t a  ( P u r s h )  N u t t . BASA
Be s s e y a  r u b r a  ( D o u q l . )  Rvdb. BERU
Bromus i n e r m i s  L e v s . BRIN
Ca mpanu l a  r o t u n d i f o l i a  L. CARO
C a s t i l l e j a  spp .  M u t i s  ex L. f  . CAST
C e n t a u r e a  ma c u l o s a  Lam. CEMA
C l a r k i a  p u l c h e l l a  Pur sh CLPU
C o l l i n s i a  p a r v i f l o r a  L i n d l . COPA
C o l l o m i a  l i n e a r i s  N u t t . COLI
D a n t h o n i a  i n t e r m e d i a  Vasev DAIN
D a n t h o n i a  u n i s p i c a t a  ( T h u r b . ) Munro DAUN
E p i l o b i u m  p a n i c u l a t u m  N u t t . EPPA
E r i q e r o n  s p e c i o s u s  ( L i n d l . ) DC. ERSP
F e s t u c a  i d a h o e n s i s  E l mer FEI D
F e s t u c a  s c a b r e l l a  T o r r . FESC
F r a q a r i a  v e s c a  L . FRVE
F r a q a r i a  v i r q i n i a n a  Duchesne FRVI
G a i l l a r d i a  a r i s t a t a  Pur sh GAAR
Ge r a n i u m v i s c o s i s s i m u m  F.  & M. GEVI
Geum t r i f l o r u m  P u r s h GETR
H i e r a c i u m  a l b e r t i n u m  F a r r HIAE
K o e l e r i a  c r i s t a t a  P e r s . KOCR
L i t h o s p e r m u m  r u d e r a l e  D o u q l . LI RU
Lomat i um cous  ( W a t s . )  C o u l t . & Rose LOCO
Lomat i um t r i t e r n a t u m  ( P u r s h ) C o u l t .  & Rose LOTR
L u p i n u s  a r q e n t e u s  Pur sh LUAR
Table 5, (C ont . )
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L y c h n i s  d r ummond i i  ( H o o k . )  Wat s . LYDR
Mona r da  f i s t u l o s a  L. MOFI
O r t h o c a r D u s  t e n u i f o l i u s  ( P u r s h )  B e n t h . ORTE
O s m o r h i z a  c h i l e n s i s  H. & A. OSCH
Pe ns t emon p r o c e r u s  D o u q l . PEPR
Pe ns t e mon w i l c o x i i  Rydb. PEWI
F h a c e l i a  l i n e a r i s  ( P u r s h )  H o l z . PHLI
Phleuff;  p r a t e n s B  L. PHPR
P i n u s  p o n d e r o s a  D o u q l . PI PO
Poa o r a t e n s i s  L . POPR
Poa s a n d b e r q i i  Vasey POSE
Po l yqonum ma j u s  ( M e i s n . )  P i p e r POMA
P o t e n t ! 1 1 a  q l a n d u l o s a  L i n d l . POGL
P o t e n t i l l a  q r a c i l i s  D o u q l . PGGR
P s e u d o t s u o a  m e n z i e s i i  ( M i r b e l )  F r a n c o PSME
S i l e n e  m e n z i e s i i  Hook. SIME
S i s y m b r i u m  a l t i s s i m u m  L . SI AL
S o l l d a q o  mu1 1 i r a d i a t  a A i t . SOMU
S t i p a  v i r i d u l a  T r i n . STVI
T a r a x a c u m o f f i c i n a l e  Weber TAOF
T r a q o p o q o n  d u b i u s  Scop. TRDU
Z i q a d e n u s  v e n e n o s u s  Wat s . ZI VE
Table 6. Matrix of Spearman correlation coefficients for scabrel!a cover (FESC), F̂. idahoensis cover
(FEID), C. maculosa cover (CEMA), ligh t intensity (LIGHT), tree cover (TREECOV), tree density
(TREEDENJ, and tree basal area (8A).
FESC FEID CEMA LIGHT TREECOV
FESC 1.000
FEID 0 .094 1.000
CEMA 0 .2 76 0 .3 32 1.000
LIGHT 0.701 0 .3 32 0 .2 2 8 1.000
TREECOV - 0 .6 7 5 0 .024 - 0 .0 7 2 - 0 .6 1 9 1 .000
TREEDEN - 0 . 4 4 8 0.301 0 .096 - 0 .4 3 8 0 .7 9 5
BA - 0 .1 1 2 - 0 .7 2 8 - 0 .1 9 8 - 0 .4 0 9 - 0 .0 4 6
TREEDEN BA
TREEDEN 1.000
BA -0 .1 7 7 1.000
Table 7, Matrix of Spearman correlation coefficients for F, scabrella density (FESC), F. idahoensis
density (FEID), C, maculosa density (CEMA), ligh t intensity (LIGHT), tree cover (TREECOV),
tree density (TREEDEN), and tree basal area (BA).
FESC FEID CEMA LIGHT TREECOV
FESC 1.000
FEID 0 .2 25 1,000
CEMA 0 .4 10 0 .246 1.000
LIGHT 0 .4 89 0 .3 1 8 0 .453 1.000
TREECOV -0 .3 1 5 0. 105 - 0 .2 7 4 —0.619 1.000
TREEDEN -0 .0 4 8 0 .2 80 - 0 .1 7 9 -0 .4 3 8 0 .7 95
BA - 0 .4 1 0 - 0 .7 7 0 - 0 .3 3 5 - 0 .4 0 9 - 0 .0 4 6
TREEDEN BA
TREEDEN 1.000
BA -0 .1 7 7 1.000
Table 8. Matrix of Spearman correlation coefficients for total herbaceous vegetation (TOTVEG), total
grass cover (GRASCOV), total forb cover (FORBCOV), ligh t intensity (LIGHT), tree cover (TREECOV),
tree density (TREEDEN), and tree basal area (BA).
TOTVEG GRASCOV FORBCOV LIGHT TREECOV
TOTVEG 1.000
GRASCOV 0 .2 1 6 1.000
FORBCOV 0 .8 36 -0 .2 6 5 1.000
LIGHT 0.207 0 .4 27 0.046 1.000
TREECOV - 0 .1 0 0 - 0 .7 7 4 0 .206 - 0 .6 1 9 1.000
TREEDEN 0 .0 13 - 0 .5 2 3 0 .253 -0 .4 3 8 0 .7 9 5
BA -0 .1 3 1 0 .042 - 0 .1 7 0 - 0 .4 0 9 —0 .0 4 6
TREEDEN BA
TREEDEN 1.000
BA - 0 .1 7 7 1.000
Table 9, M atrix o f Spearman co rre la tion  coe fficen ts  fo r  F_« scabre lla  mean le a f length (LFFS) and mean 
flow er s ta lk  length (FLFS), £. idahoensis mean le a f length (LFFI) and mean flow er s ta lk  length 
(FLFI), F. scabrella cover (FESC), F. idahoensis cover (FEID), l ig h t  in te n s ity  (LIGHT), tree cover 
(TREECOVT, tree density (TREEDEN), and tree basal area (BA),
LFFS FLFS LFFI FLFI FESC
LFFS 1.000
FLFS 0 .4 6 8 1.000
LFFI 0. 186 0 .249 1.000
FLFI 0 .2 0 8 0 .3 49 0 .708 1.000
FESC 0 .5 57 0 .5 36 -0 .1 5 3 0 .0 96 1.000
FEID ”0 .2 9 3 0 .278 0 .056 0.251 0.094
LIGHT 0 .270 0 .442 -0 .1 81 - 0 .0 7 5 0.701
TREECOV - 0 .2 8 8 - 0 .2 6 4 0 .517 0 .274 - 0 .6 7 5
TREEDEN - 0 . 2 8 4 -0 .2 7 7 0.473 0 .308 —0.448
BA 0. 100 - 0 .4 0 2 -0 .0 6 2 - 0 .1 7 4 - 0 .1 1 2
FEID LIGHT TREECOV TREEDEN DA
FEID 1.000
LIGHT 0 .332 1.000
TREECOV 0.024 -0 .6 1 9 1.000
TREEDEN 0.301 -0 .4 3 8 0 .7 95 1.000
BA -0 .7 2 8 -0 .4 0 9 -0 .0 4 6 -0 .1 7 7 1.000
ro
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Figure 7 . Ordination o f  19 sample p lo ts  based on species' cover.
(Axis 1 and 2)
AXIS 2
0
AXIS 1
114
Figure 8 , O rd in ation  o f  18 sample p lo ts  based on species* cover.
(A x is  1 and 2)
AXIS 2
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Figure 9 ,  O rd ination  o f 18 sample p lo ts  based on species* cover.
(Axis 1 and 3)
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AXIS 3
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Figure 10. C lu s te r  ana lysis  based on species' cover data .
P e r c e n t  c h a i n i n g  = 14.09
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Figure 11, Ord inat ion  o f  19
(Axis 1 and 2) p lo ts  based on species' density .
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Figure 12, O rd ination  o f  19 sample p lo ts  based on species' density
(Axis 1 and 3) ^
AXIS 3
© ©
AXIS 1
Figure 13, C luster analysis based on species ' density data.
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Figure 14 . TWINSPAN Analysis produced w ith  species* cover data
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Figure 15, TWINSPAN Analysis produced w ith  species' d ensity  data.
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Figure 16. E f fe c t  o f  l i g h t  in te n s i ty  on cover o f  F. s c a b re lla  (FESC).
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Figure 17. E f f e c t  o f  l i g h t  i n t e n s i t y  on density  o f  F̂ . s c a b re l la  (FESC) 
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Figure 18, E f fe c t  o f  tre e  cover on cover o f  F. scab re lla  (FESC).
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Figure  19, E f f e c t  o f  t re e  cover on density  o f  £ .  scabre l la  (FESC) 
( r s = - 0 . 3 2 )
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Figure 20. E f fe c t  o f  tre e  basal area on cover o f  F. sc ab re lla  (FESC).
( r s = -0 .1 1 )
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Figure 21. E f fe c t  o f  t ree  basal area on density  o f  s c ab re l la  (FESC) 
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E f fe c t  o f  tree  dens ity  on cover o f  F. sc ab re l1 a (FESC).
( r s = -0 .4 5 )
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Figure 23. E f fe c t  o f  tree density  on density  o f  F̂ . s c ab re l la  (FESC). 
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Figure 24. E f fe c t  o f  l ig h t  in te n s i ty  on cover o f  JF. idahoensis (FEID)
(rg = 0 .3 3 )
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Figure 2 5 .  E f f e c t  o f  l i g h t  i n t e n s i t y  on d en s i ty  o f  F̂ . idahoensis ( F E I D )  
C r s = 0 . 3 2 )
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Figure 2 6 . E f fe c t  o f  tre e  cover on cover o f  F. Idahoensis (FEID)
( rs = 0 .0 2 )  -  -------------------
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Figure 27, E f f e c t  o f  t ree  cover on density  o f  JF, idahoensis (FEID)
( T s = 0 . 1 1 )
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Figure 28, E f fe c t  o f  tre e  basal area on cover o f  F, idahoensis (FEID)
( r s = -0 ,7 3 )
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Figure 29. E f f e c t  o f  t re e  basal area on density  o f  idahoensis (FEID)  
( r s = - 0 ,7 7 )
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Figure 30. E f fe c t  o f  t re e  dens ity  on cover o f  F. idahoensis (FE ID ).
( rs = 0 .3 0 )  -
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Figure 31,  E f f e c t  o f  t re e  density  on density  o f  £• idahoensis (FEID) 
( r s = 0 , 2 8 )
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Figure 32. E f fe c t  o f  l i g h t  in te n s i ty  on cover o f  C. maculosa (CEMA).
( rs = 0 .2 3 )  -  ---------------
OJ>o
g
LU<_>
20
15
ao
O 2000 4000 6000
LIGHT INTENSITY ( f t c . )
8000
Figure 33. E f f e c t  o f  l i g h t  in t e n s i t y  on dens ity  o f  Ĉ, maculosa (CEMA) 
( r s = 0 , 4 5 )
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Figure 34 . E f fe c t  o f  tre e  cover on cover o f  C, maculosa (CEMA)
( r s = -0 .0 7 )
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Figure 35. E f f e c t  o f  t ree  cover on dens i ty  o f  maculosa (CEMA). 
( r s = - 0 . 2 7 )
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Figure 36. E f fe c t  o f  t re e  basal area on cover o f  C, maculosa (CEMA),
( r s = - 0 . 2 0 )  “  ---------------------
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Figure 37. E f f e c t  o f  t re e  basal area on dens i ty  o f  Ĉ, maculosa (CEMA) 
( r s = - 0 . 3 4 )
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Figure 38 . E f fe c t  o f  t re e  density  on cover o f  C, maculosa (CEMA).
( r s = 0 . 1 0 )  -  ----------------------
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Figure 39. E f f e c t  o f  t re e  d ens i ty  on d en s i ty  o f  Ĉ . maculosa (CEMA), 
Cr 5 = - * 0 . 1 8 )
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Figure 40 , E f fe c t  o f  l i g h t  in te n s i ty  on to ta l  herbaceous vegetation
cover (TOTVEG), ( rs = 0 ,2 1 )
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Figure 41 , E f f e c t  o f  t re e  cover on to ta l  herbaceous vegetation  
cover (TOTVEG), ( r $ = - 0 .1 8 )
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Figure 42 .  E f fe c t  o f  t re e  density  on to ta l  herbaceous vegetation  
cover (TOTVEG). ( rs = 0 .0 1 )
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Figure 43 .  E f f e c t  o f  t re e  basal area on to ta l  herbaceous vegetation  
cover (TOTVEG). ( r s = -0 .1 3 )
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Figure 44.  E f fe c t  o f l ig h t  in te n s ity  on to ta l grass cover
( rs=0 .4 3)
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Figure 45. E f fe c t  o f  t re e  cover on to ta l  grass cover 
( r s = - 0 . 7 7 )
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Figure 46. E f fe c t  o f  tre e  density on to ta l  grass cover.
( r s = - 0 , 5 2 )
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Figure 4 7 .  E f fe c t  o f  t re e  basal area on to ta l  grass cover. 
( r s = 0 . 0 4 )
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Figure 48. E f fe c t  o f  l ig h t  in te n s ity  on to ta l  forb cover,
( r s = 0 . 0 5 )
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Figure 49. E f fe c t  o f  t ree  cover on to ta l  forb cover 
( r s = 0 .2 1 )
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Figure 50. E f fe c t  o f  tre e  density on to ta l  forb  cover.
( rs = 0 .2 5 )
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Figure 51. E f fe c t  o f  t ree  basal area on to ta l  forb cover 
( rg =—0 .1 7 )
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Figure 52. R ela t ionship  o f  to ta l  forb cover and to ta l  grass cover. 
( r s = - 0 . 2 7 )
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Figure 53, Re la t ionsh ip  o f  to ta l  forb cover and to ta l  vegetation cover 
( r s = 0 , 8 4 )
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Figure 54. Relat ionship  of to ta l  grass cover and to ta l  vegetation cover 
( rs=0 .22)
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Figure 55, Relat ionship o f  F. scabrel la  l e a f  length and F. scabre l la  
cover, ( rs=0 .56 )  “
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Figure 56. Relat ionship  o f  £ .  scabre l la  f lower s ta lk  length and £. 
scab re l1 a cover. ( rs=0.54)
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Figure 57. Relat ionship  o f  F. idahoensis le a f  length and F. idahoensis 
cover. ( rs=0 .06y  “
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Figure 58, Re la t ionsh ip  o f  £ .  idahoensis f lower s ta lk  length and £. 
idahoensis cover. ( rg =0 .25)
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Figure 59. Forest h is tory  p lo t  map as i t  occurred in 1986.
*=  £.• ponderosa 1-10 years old o = p̂ , menziesii 1-10 years old
*=  P.- ponderosa 11-30 years old  •  = E.- menziesii 11-30 years old
P̂ . ponderosa 31-90 years old P.- menziesii 31-90 years old
_P. ponderosa 91-290 years old  
Numbers represent ages of trees in 1986.
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Figure 60. Forest h is tory  p lo t  as i t  occurred in 1980,
See Fig. 59 fo r  symbol key; numbers represent ages o f  
trees in 1986.
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Figure 61. Forest h is to ry  p lo t  as i t  occurred in  1976.
See F ig , 59 fo r  symbol key; numbers represent ages o f
trees  in  1986.
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Figure 62, Forest h is to ry  p lo t  as i t  occurred in  1966.
See F ig .  59 f o r  symbol key; numbers represent ages o f  
t rees in  1986.
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Figure 63, Forest h is to ry  p lo t  as i t  occurred in 1956.
See F ig . 59 fo r  symbol key; numbers represent ages o f
trees  in  1986.
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Figure 64, Forest h is to ry  p lo t  as i t  occurred in  1946.
See F ig . 59 fo r  symbol key; numbers represent ages o f
tre es  in  1986,
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Figure 65, Forest h is to ry  p lo t  as i t  occurred in 1893,
See Fig.  59 fo r  symbol key; numbers represent ages o f  
t rees in  1986.
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Figure 66, Number o f  trees from the fo re s t  h is to ry  p lo t  which 
germinated in various years.
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